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(54) Laser oscillating apparatus, exposure apparatus using ttie same, and device fatxication 
mettiod 



(57) In a laser oscillating apparatus for exciting a 
laser gas in a laser tube by introducing an electromag- 
netic wave from a waveguide (1) into the laser tut>e (2) 
tfirough a plurality of slots (10) formed in a waveguide 
wall, and generating a laser beam by resonating light 
emitted from the laser gas. the slots (10) are formed in 
a line such tiiat their longitudinal direction is consistent 



with the longitudinal direction of the waveguide (1). and 
a metal wall (12) is so formed as to surround these 
slots. This metal wall (12) fomns a gap as a miaowave 
passage from the slots (1 0) to a window (1 5) in the laser 
tube wall, thereby spadng the laser tube wall apart from 
the slots (10) by a predetermined distance. 
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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

[0001] TTie present invention relates to a laser oscillating apparatus for generating a laser beam by introducing an 
electromagnetic wave from a waveguide into a laser tube through a plurality of fine gaps formed in the waveguide wall 
andp nfx>re specifically, to a laser osdilating apparatus using a miaowave as an electromagnetic wave for exerting a 
10 laser gas, an exposure apparatus i^ng the same, and a device fabrication method. 

DESCRIPTION OF THE RELATED ART 

[0002] Recently, a so-called excimer laser has attracted attention as tiie only high-output laser which osdltates in 
75 the ultraviolet region. This excimer laser is expected to be applied to the electronic, chemical, and energy industries. 

particularly processing and chemical reactions of metals, resins, glass, ceramics, and semiconductors. 

[0003] The principle of function of an excimer laser oscillator will be described below. First, laser gases such as Ar. 

Kir. Ne. F2. He. Xe. and CI2 contained in a laser tut>e are excited by electron beam inadiation or discharge. Excited F 

atoms bond to inert Kr and Ar atoms in the ground state to generate KrF and ArF as nrK)lecules existing only in an 
20 exerted state. These molecules are called exdmers. Since exdmers are unstable, they immediately emit ultraviolet rays 

and fall to the ground state. This phenomenon is called spontaneous emission. An exdmer laser oscillator uses this to 

a.nrflp!ify-as an-in-phase beam in an opti<^ res^^ 

beam. 

[0004] In the case of excimer laser emission, an excitation source using microwaves is known as a laser gas excrt- 
25 ing source as desaibed atxTve. Microwaves are electromagnetic waves having an osdilation frequency of a few hun- 
dred MHz to several tens of GHz. As a laser gas exciting method using tiiis microwave, a method has been proposed 
by which a microwave is introduced from a waveguide into a laser tut>e through a gap (slot) formed in the waveguide 
wall, thereby exerting a laser gas in tiie laser tube into a plasma. 

[0005] In this excitation method, even if the intensity distribution of microwaves emitted through the slots is uniform. 
30 a slot array structure in which a plurality of slots are arrayed in the long-axis direction of a r^onator nmjst be formed in 
order to supply a microwave to a long space meeting the resonator length of a laser t>eam. This structure is shown in 
Fig. 55. Refening to Rg. 55. a plurality of fine gaps (slots) 9202 are formed at equal inten/als in a waveguide wall 9201 . 
For convenience, tiie interior of a laser tut>e is schematically shown as an emission space. 

[0006] When this slot array structure is used, regions (hatched elliptic regions in Rg. 55) between acQacent slots 
35 9202 are necessarily microwave non-irracfiation regions. Accordingly, when a laser gas existing in the emission space 
is to be excited by a microwave, the existence of these non-irradiation regions produces variations in the microwave 
intensity. This generates plasma discharge having a nonuniform distribution as a whole. 

[0007] As descrit)ed ak)Ove, rt is difficult to uniformize the racfiation characteristic of an electromagnetic wave from 
a slot formed in a wavegukie wall in an entire region over the sloL Usually, the distribution is a sinusoidal distrftxrtion in 
40 tfw slot long-axis direction or a similar dtetribution. That is. as shown in Rg. 56A. an ^ectric field intensity distribution 
in the center along the slot long-axis direction is largest, and the field intensity dstrftxition at the ends in the slot long- 
axis direction is smallest 

[0008] Additionally, as shown in Rg. 56B, an exdted plasma has a property of concentrating to the center in tiie slot 
long-axis direction with respect to the microwave field inter^sity distrft)ution. This pronrtotes the nonuniform distribution 
45 of the field intensity in the slot long-axis direction. This is a great cause of preventing a unrfam distribution of a plasma 
exdted in the slot longitudinal direction. 

[0009] This phenomenon is caused by the property that a plasma is easily exdted in a central position along the 
slot longitudinal Erection because the intensity of an electromagnetic wave as an excitation source is a maximum in this 
central position, and by the property that the exerted plasma readily concentrates into the form of a sphere having tiie 

50 smallest surface area. This plasma exdted in the central position forms a region having a low spatial irrpedance in the 
center of the slot. This portion preferentially consumes energy. Also, the plasma functions as a shield to reduce the slot 
length, which ts designed to be the one by which a miaGwaves is emitted, to half that required by a microwave. This 
makes it difficult to emit a microwave outside the slot By these two factors, a plasma is readily formed only in the center 
of a slot, and it is very cfifficult to exdte a uniform plasnria over the slot 

55 [001 0] Furthermore, a plasma is generated immediately dose to tfie microwave emission surface over a slot How- 
ever, in a plasma sheath formed over the slot a microwave can propagata As a cortsequence. a microwave extends in 
the slot short-axis direction via this sheath region arxj disperses the input power. This makes it impossik)le to satisfy 
energy density necessary to exdte an exdmer laser The reason for this is that when a plasma is diffused in a wide 
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space, energy used to generate the plasma disperses, and this niakes it difficult to realize enough energy density to 
exdte an exdmer. 

[001 1] Fig. 57 is a schennatic view showing the way a microwave propagates via a plasma sheath. That is. Rg. 57 
is a sectional view taken along a direction perpendicular to the longrtucfinal direction of a slot. 
5 [001 2] Although a plasma is not electrically grounded over the slot the outside of the pl^ma is basically grounded 
directly to a waveguide 1. Hiis results in a sheath potential difference and a sheath width difference between them. 
Therefore, if the plasma density is insufficient, the thickness of the sheath increases, and this results in easy nonuniform 
outward leakage of a microwave. Consequently, the plasnna is thin immecfiately above the open end of the slot and thick 
on the outside. 

10 

SUMMARY OF THE INVENTION 

[0013] The present invention has been made in consideration of the atxive situation, and has as its object to pro- 
vide a laser oscillating apparatus which uses a slot array structure and yet realizes electronnagnetic wave radiation uni- 
75 form as a whole over the length of a laser tul)e and allows uniform laser emission with minimum energy loss, a high- 
perfomiance exposure apparatus including this laser oscillating apparatus, arxl a high-quality device fabrication method 
using this exposure apparatus. 

[0014] It is another object of the present invention to provide a laser osollating apparatus which uses a skit array 
structure and yet suppresses diffusion of a plasma generated over a slot and allows uniform laser emission with mini- 
20 mum energy loss, a high-performance exposure apparatus including tiiis laser oscillating apparatus, and a high-quality 
device fabrication method using this exposure apparatus. 
[0015] A laser osciiiaung apparatus fDr achieving the above o^^ 

tion is a laser oscillating apparatus for exciting a laser gas in a laser tube by introducing an electromagnetic wave from 
a waveguide into the l^er tube through a plurality of fine gaps fornrYed in a waveguide wall, and generating a laser beam 
25 by resonating light emitted from the laser gas. wherein the fine gaps and a wall of the laser tube are spaced apart by a 
predetermined distance to form an electromagnetic wave passage. 

[001 6] According to another aspect of the laser oscillating apparatus of the present invention, the distance from the 
fine gaps to the laser tube wall is an integral multiple of the half-wave length of an electromagnetic wave introduced from 
the waveguide. 

30 [0017] According to another aspect of the laser oscillating apparatus of the present invention, an electromagnetic 
wave introduced from the waveguide is a microwave. 

[001 8] According to still another aspect of the laser osdilating apparatus of the present invention, a conductor is so 
formed as to sunound the passage including the fine gaps, and the passage is an air gap with a predetermined width. 
[001 9] Accorcfing to still another aspect of the laser oscillating apparatus of the present invention, the air gap is filled 

35 with a dielectric member. 

[0020] According to still another aspect of the laser oscillating apparatus of the present invention, ttie width of the 
air gap is an integral multqple of the half-wave length of an electromagnetic wave introduced from the waveguide. 
[0021 ] Accortfing to still another aspect of the laser oscillating apparatus of tiie present invention, only a distal end 
portion of the air gap is narrowed, and the air gap has the shape of a slit over the lengtti of the laser tube in a portion 

40 where the air gap is in contact with the laser tube. 

[0022] According to still another aspect of the laser oscillating apparatus of the present invention, the air gap is wid- 
ened only in tiie vicinity of a distal end portion, and the width is substantially equal to the wavelength or the half-wave 
length of an electromagnetic wave introduced from the waveguide. 

[0023] Accorcfing to still another aspect of tiie laser oscillating apparatus of tiie present invention, the width near 
45 the distal end portion of the air gap changes along a longitudinal direction of the air gap by reflecting an intensity distii- 
bution of electromagnetic waves emitted from the fine gaps. 

[0024] According to still another aspect of the laser oscillating apparati^ of the present invention, dielectric lenses 
each having a symmetrical shape with respect to tiie fine gap are formed in the passage in at least a portion above the 
plurality of fine gaps. 

50 [0025] According to still another aspect of the laser oscillating apparatus of the present invention, the waveguide is 
filled wrth a dielectric member. 

[0026] In the laser oscillating apparati^ described atx>ve. the fine gaps (slots) formed in the waveguide wall and the 
laser tut)e wall are spaced apart by a predetermined distance to fonm a passage for the electromagnetic wave. In this 
structure, the wavefront of an electromagnetic wave emitted from each fine gap is flattened near the laser tube wall, so 
55 the electromagnetic wave propagates in the form of an approximately plane wave as a whole in the laser tube. Accord- 
ingly, an electromagnetic wave in the form of a sutystantially unHbrm plane wave reaches a laser gas in the laser tut>e. 
This realizes unifomi plasma discharge over ttie length of the laser tube and helps uniformize laser ennission. 
[0027] More specifically, the distance from the fine gaps to the laser tube wall is an integral multiple of the half-wave 



3 



EP1 026 796 A2 



length, In the tut>e, of an electromagnetic wave introduced from the waveguide. Consequently, an electromagnetic wave 
emitted from each fine gap reaches the laser tut>e without interf^ng with a reflected wave or weakening each other. 
[0028] Also, a conductor is so formed as to surround the passage including the fine gaps, and the passage is 
formed as a gap having a predetermined width (preferably, an integral multiple of the half-wave length of the electro- 
5 magnetic wave in the tube). This can minimize energy loss. Preferably, the width is an integral multiple of the half-wave 
length of the electromagnetic wave in the tut>e. This makes it possible to give resonance conditions in a direction p r- 
pendicular to the fine gaps and set a high electric field in the slit 

[0029] Furthermore, by filling the gap with a dielectric member it is possible to prevent the generation of a plasma 
in the passage and reliably bring about plasma discharge only in the laser tube. 

10 [0030] A laser oscillating apparatus for achieving the above objects according to the present invention is a laser 
oscillating apparatus for exciting a laser gas in a laser tube by introdudng an electromagnetic wave from a waveguide 
into the laser tube through a plurality of fine gaps formed in a waveguide wall, and generating a laser beam by resonat- 
ing light emitted from the laser gas. wherein the width of longitudinal erxi portions of the fine gap is made larger than 
the width of a central portion thereof. 

15 [0031] According to still arK>ther aspect of the laser oscillating apparatus of the present invention, the end portions 
have circular shapes with a diameter larger than the width of the central portion. 

[0032] A laser oscillating apparatus according to the present invention is a laser oscillating apparatus for exciting a 
laser gas in a laser tube by introducing an electromagnetic wave from a waveguide into the laser tut>e through a plurality 
of fine gaps formed in a waveguide wall, arxj generating a laser beam by resonating light emitted from the laser gas, 

20 wherein the fine gaps are formed apart from a central axis along a longitudinal direction of the waveguide, arvJ each of 
the fine ^ps is curved such that erxl portions are closer to the central axis than a central portion. 
[0033] .AGGordirtg to sti!! another aspect of the laser-Gsdllating a^ 
netic wave is radiated from the waveguide in the direction of a long end face of the waveguide. 
[0034] A laser oscillating apparatus according to the present invention is a laser oscillating apparatus for exciting a 

25 laser gas in a laser tut^ t>y introducing an electromagnetic wave from a waveguide into the laser tut>e through a plurality 
of fine gaps formed in a waveguide wall, and generating a laser beam t>y resonating light emitted from the laser gas. 
wherein an air-gap structure is formed in the waveguide wall in which the fine gaps are formed. 
[0035] According to still arxTther aspect of the laser oscillating apparatus of the present invention, in the vicinities of 
erxJ portions of the fine gap, the air-gap structure is formed within a range from the end portions to a distance of Xg/4 

30 (Ag is the waveguide vvavelength of the electromagnetic wave). 

[0036] According to still another aspect of the laser oscillating apparatus of the present invention, in the vicinities of 
end portions of the fine gap the air-gap structure is formed within a range from the erxJ portions to a distance of Xg/2 
(Xg is the waveguide wavelength of the electromagnetic wave). 

[0037] According to still another aspect of the laser oscillating apparatus of the present invention, an air-gap portion 
35 of the air-gap structure in a central portion of the fine gap is made smaller than an air-gap portion near end portions of 
the fine gap. 

[0038] According to still another aspect of the laser oscillating apparatus of the present invention, in a direction per- 
perKlk:ular to a longitudinal direction of the fine gap, the air-gap structure is formed with a widtii equal to an integral mul- 
tiple of Xg/2 (Ag is the waveguide wavelength of the electromagnetic wave). 

40 [0039] A laser oscillating apparatus for achieving the at>ove objects according to still another aspect of the presern 
invention is a laser osdilating apparatus for exciting a laser gas in a laser tube by intirodudng an electromagnetic waves 
from a waveguide into tiie laser tube through a plurality of fine gaps formed in a waveguide wall, arxl generating a laser 
beam by resonating light emitted from the laser gas. wherein a dielectric lens or a structure sut>stantially equivalent to 
a lens, for the electronriagnetic wave, is formed in the waveguide in a portion cfose to the fine gap. 

45 [0040] A laser oscillating apparatus according to the present invention is a laser oscillating apparatus for exciting a 
laser gas in a laser tut>e by introducing an electromagnetic waves from a waveguide into the laser tut>e through a plu- 
rality of fine gaps formed in a waveguide wall, and generating a laser beam by resonatirtg light emitted from the laser 
gas. wherein the widtii of longitudinal end portions of the fine gap is made smaller than the widtti of a central portion 
thereof. 

50 [0041] A laser oscillating apparatus for achieving the above objects according to the present invention is a laser 
oscillating apparatus for exciting a laser gas in a laser tut>e t)y introdudng an electromagnetic wave from a waveguide 
into the laser tut>e through a plurality of fine gaps formed in a waveguide wall, and generating a laser beam by resonat- 
ing light emitted from the laser gas. wherein the fine gap is formed in a portion where an emission characteristic of an 
electromagnetic wave depending on the fine gap is contrary to an intensity cOstribution of an electromagnetic wave 

55 propagating in the waveguide. 

[0042] According to still another aspect of the laser osdilating apparatus of the present invention, the fine gap ts 
formed such that a mininujm value of an intensity distribution of an electromagnetic wave propagating in the waveguide 
is in sut>stantially the center of the fine gap. 
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[0043] Aocorcfing to stall another aspect of the laser oscillating apparatus of the present invention, the fine gaps are 
formed In a line at a pitch equal to the waveguide wavelength or the half-wave length of an electromagnetic wave in the 
waveguide. 

[0044] According to still anoth^ aspect of the present invention, an electromagnetic wave introduced from the 

5 waveguide is a microwave. 

[0045] In the laser oscillating apparatus of th present invention described atx)ve. each fine gap is formed in a por- 
tion where the emission characteristic of an electromagnetic wave from this fine gap is contrary to the Intensity distribu- 
tion of an electromagnetic wave propagating in the waveguide. The emission characteristic of an ele<^magnetic wave 
depending upon the fine gap exhibits a di^ibution in which, as described above, the electromagnetic wave intensity is 

10 a maxinfUim in the central portion of the fine gap arxJ decreases toward the end portions of the fine gap. Therefore, when 
each fine gap is fonmed in a position where the intensity distribution of an electromagnetic wave propagating in the 
waveguide is contrary to this, the intensity distnlxxtion of the electromagnetic wave propagating In the waveguide is 
influenced by the intensity distribution due to the emission characteristic of an electromagnetic wave depending on the 
fine gap. Consequently, the uniformity of the intensity distribution of an electromagnetic wave emitted from each fine 

15 gap actually increases over the vtrhole region of each fine gap. 

[0046] More specifically, when fine gaps are to be fomried In a line at a pitch equal to tiie guide wavelengtii. or its 
hatf-wave length, of an electromagnetic wave In the waveguide by assuming an E-plane antenna, each fine gap Is so 
formed that a minimum value of the intensity cfistribution of an electromagnetic wave propagating In the waveguide ^ 
positioned In substantially the center of the fine gap. That Is, these fine gaps are formed in portiorrs where tii^ are 

20 equally deviated by Xg/4 (Xg: the waveguide wavelength) from positions at which a maximum value of the emission 
intensity distritxjtion of an electromagnetic wave comes to the center of each fine gap in accordance witii the intensity 
disUftMjtion of an eiectronriagnetic wave propa^^ 

further uniformize the intensity distribution of an electromagnetic wave emitted from each fine gap. 

[0047] A laser oscillating apparatus for achieving the above objects according to still another aspect of tiie present 
25 invention is a laser oscillating apparatus for generating a pl^ma by exciting a laser gas In a laser tube by introducing 

an electromagnetic wave from a waveguide into tiie laser tube through a plurality of fine gaps formed In a waveguide 

wall, and generating a laser beam by resonating light emitted from the plasma, comprising a shielding structure In the 

laser tube In order to prevent the plasma exerted above the fine gaps from diffusing from a predetermined region. 

[0048] According to still another aspect of the laser oscillating apparatus of the present invention, the shielding 
30 Structure Is formed to prevent diffusion of the electromagnetic wave arxJ the plasma in a direction perpendicular to a 

longitudinal direction of the fine gaps. 

[0049] Accorcfing to still another aspect of the laser oscillating apparatus of the present Invention, tiie shielding 
structure comprises a metal wall spaced apart from tiie fine gaps by a predetermined distance. 
[0050] According to still another aspect of tiie laser oscillating apparatus of the present invention, the shielding 
35 structure is made from a mesh-like plate memt}er. 

[0051] Accorcfing to still anotiier aspect of the laser oscillating apparatus of the present invention, tiie shielding 
structure comprises a plurality of nozzles having predetermined openings. 

[0052] According to still another aspect of the laser osdilating aF^)aratus of the present invention, tiie nozzle is a 
passage of the laser gas. 

40 [0053] Accorcfing to still another aspect of the laser oscillating apparatus of the present Invention, the shielding 
structure is formed by a magnetic field. 

[OCM] A laser oscillating apparatus for achieving the above objects according to still another aspect of the present 
invention is a laser oscillating apparatus for generating a pl^nr^ by exciting a laser gas In a laser tube by inti-odudng 
an electromagnetic wave from a waveguide into the laser tut>e through a plurality of fine gaps formed in a waveguide 
45 wall, and generating a laser beam by resonating light emitted from the plasma, wrherein the widtti in a short-side direc- 
tion of the fine gap is made smaller than the thidoiess of a sheath serving as a p^sage of tiie electromagnetic wave 
extending from an opening of the fine gap in the short-side directbn. 

[0055] According to still another aspect of the laser oscillating apparatus of the present Invention, the width In the 

short-side direction ^ 10 to 100 ^m. 
so [0056] A laser oscillating apparatus according to still another aspect of the present Invention is a laser oscillating 

apparatus for generating a plasma by exciting a laser gas in a laser tube by Introducing an electromagnetic wave from 

a waveguide into tiie laser tube through a plurality of fine gaps formed in a waveguide wall, and generating a laser beam 

by resonating light emitted from tiie plasma, wherein each of the fine gaps comprises a plurality of rows of slits. 

[0057] Accorcfing to still another aspect of the laser oscillating apparatus of the present invention, the vtndth of slits 
55 in end rows is smaller ttian the widtti of slits in rows near th center. 

[0058] Accorcfing to still anottier aspect of the \as& oscillating apparatus of the present Invention, the length of slits 

In end rows Is smaller tiian the length of slits in rows near the center. 

[0059] Accorcfing to still another aspect of the laser oscillating apparatus of tiie present invention, a shielding struc- 
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ture for suppressing diffusion of the plasma is formed on the side of an opening edge of the fine gap faang the laser 
tube. 

[0060] A laser oscillating apparatus for achieving the at>ove objects according to still another aspect of the present 
Invention ^ a laser oscillating apparatus for exerting a laser gas in a laser tut>e try introducing an electromagnetic wave 

5 from a waveguide into the laser tut>e through a plurality of fine gaps formed in a waveguide wall, and generating a laser 
beam by resonating light emitted from the laser gas. comprising a pair of waveguides formed to sandwich the laser tube 
such that formation surfaces of the fine gaps oppose each other, identical electromagnetic waves being su|:^lied to the 
pair of waveguides to excite a laser gas in two opposite directions in the laser tut>e. In this apparatus, the pair of 
waveguides are constructed such that intensity cfistributions of electromagnetic waves introduced therefrom are shifted 

10 from each other. 

[0061 ] According to still another aspect of the laser oscillating apparatus of the present inverrtion, the formation sur- 
faces of the fine gaps are short-end faces of the waveguides, and the fine gaps are formed in a line at equal intervals 
in a longrtudnal direction of the fine gaps. 

[0062] According to still arxither aspect of the laser oscillating apparatus of the present invention, the waveguides 
15 are arranged such that fine gaps corresponding to each other between the opposing formation surteces are shifted rel- 
ative to each other by a predetermined d^tance. 

[0063] According to still another aspect of the laser osdllating apparatus of the present inverrtion, ttie apparatus fur- 
ther comprises phase adjusting means for shifting phases of electromagnetic waves supplied into the waveguides rel- 
ative to each other. 

20 [0064] According to still another aspect of the laser oscillating apparatus of the present invention, each of tiie 
waveguides corrprises tuning means for tuning an electromagnetic wave. 
[0065] According to Sull-anoiher aspect of the lasa- 03^ 
netic wave introduced from the waveguide is a microwave. 

[0066] In the laser oscillatir^ apparatus of the present invention described above, a pair of waveguides are so 
25 formed as to sandwich the laser tut>e such that the formation surfaces of the fine gaps (slots) oppose each other, and 
laser gas excitation is performed in two opposite directions in the laser tuba In accordance with various demands, the 
spatial positions of the two waveguides are adjusted such that the fine gaps in the opposing formation surfaces are 
shifted a predetermined d^tance relative to each otiier. Alternatively, the phases of electromagnetic waves supplied to 
these waveguides are shifted relative to each other. Consequently, variations of the wavefront of an electromagnetic 
30 wave resuttirrg from the discontinuity of the fme gaps compensate for each other, so the light emission region substan- 
tially increases to flatten the wavefront. Accorcfingly. an electromagnetic wave sut>^antially uniformly reaches the whole 
of a laser gas in the laser tube. This realizes uniform plasma discharge over the length of the laser tjube and helps uni- 
fbrmize laser emission. 

[0067] According to still another aspect of the present Invention, the above laser oscillating apparatus is an excimer 
35 laser oscillator in which the laser gas is at least one inert gas selected from Kr, Ar. arxJ Ne or a gas mixture of this inert 
gas and F2 gas. 

[0068] Mso, according to the present invention, there is provided an exposure apparatus comprising the aforemen- 
tioned laser oscillating apparatus as a light source for emitting illuminating light, a first optical system for irradiating a 
reticle on which a predetermined pattern ts fomned wrtii the illuminating light from the laser oscillating apparatus, and a 

40 second cptk^ system for irradiating a surface to be inradiated with the illuminating light passing through the reticle, 
wherein the surface to be irradiated is exposed by projecting the predetermined pattem of the reticle. 
[0069] Furthermore, according to the present invention, tiiere is provided a device torication method comprising 
tfie steps of coating a surface to be irradiated with a photosensitive material, exposing the surface to be irradiated 
coated with the photosensitive material to a predetermined pattem t>y using the exposure apparatus described above, 

45 and developing the photosensitive material exposed to the predetermined pattem. 

[0070] According to one aspect of the device fabrication method of the present invent ion, the surface to be irradi- 
ated Is a wafer surface, and a semicorxluctor device is formed on the wafer surface 

[0071 ] Otiier features arxl advarrtages of the present invention will k)e apparent from the following description taken 
in conjunction with the accompanying drawings, in which like reference characters designate the same or similar parts 
50 throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0072] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate 
55 embodiments of the invention and, together with the description, serve to explain the principles of the invention. 

Rg. 1 is a schematic view shewing the major components of an excimer laser oscillator according to the first 
embodiment; 
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2A and 2B are schematic views showing a practical structure of a waveguide according to the first emtxxli- 

ment; 

Rgs. 3A and 3B are schematic sectional views showing a practical structure of the waveguide; 

Rg. 4 Is a view showing the relationship between the slot positions in the waveguide and the current density pro- 
5 duced by a microwave; 

Rg. 5 is a schematic sectional view showing the way a miaowave is emitted from slots; 

Rgs. 6A and 6B are schematic sectional views showing a practical structure of a waveguide in Modification 1 ; 

Rg. 7 is a schematic sectional view showing a practical structure of a waveguide In Modification 2; 

Rg. 8 is a schematic sectional view showing a practical structure of the waveguide in Modification 2; 
10 Figs. 9A and 9B are schematic sectional views showing a practical structure of a waveguide in Modification 3; 

Rg. 10 is a schematic plan view showing a practical structure of another waveguide in Modification 3; 

Rg. 11 is a schematic sectional view showing a practical structure of a waveguide in Modification 4; 

Rg. 12 is a schematic sectional view showing a F>ractical structure of still another waveguide in Modification 4; 

Rgs. 13A and 13B are schematic views showing a practical structure of a waveguide in Modification 5; 
15 Fig. 14 is a schematic view showing the main components of an exdmer laser oscillator according to the second 

embodiment; 

Rgs. 15A and 15B are schematic views showing a practical structure of a waveguide of the excimer laser osdilator 
according to the secorxi embodiment; 

Rgs. 16A to 16D are schematic views showing a slot according to the second embodiment arxJ radiation energy; 
20 Rgs. 1 7A to 1 7C are schematic views showing a slot according to the second embodiment arxi radiation energy; 
Figs. 18A to 18C are schematic views showing a slot according to the second embodiment arxi radiation energy; 

Rgs. 19A-to 19G are schematic views^owing electric cun-errts generated in a 
the E and H planes; 

Rgs. 20A and 20B are views showing a slot according to the third embodiment and the arrangement of slots in a 
25 waveguide; 

Rgs. 21 A and 21 B are schematic views showing other shapes of the slot according to the third embodiment; 

Rgs. 22A and 22B are schematic views showing other shapes of the slot according to the third embodiment; 

Rg. 23 is a schematic view showing still another shape of the slot according to the third emtxxliment; 

Rgs. 24A and 24B are schematic views showing an air-gap structure according to the fourth embodiment; 
30 Rgs. 25A and 25B are schematic views showing another air-gap structure according to the fourth embodiment; 

Rgs. 26A and 26B are schematic views shewing still another air-gap structure aocorcfing to the fourth embodiment; 

Rgs. 27A and 27B are perspective views sfx>wing waveguides and slots according to the fourth embocfiment; 

Rgs. 28A to 28C are schematic sectional views showing the shapes of slots according to the fourth embodiment; 

Rg. 29 is a schematic view showing the relationship between the slot formation portions in a waveguide arxj the 
35 density of a current flowing through tiie wall surface of tiie waveguide according to the fifth embodiment; 

Rg. 30 is a graph showing the Intensity distribution of a miaowave emitted from a slot; 

Rg. 31 is a schematic view showirtg the relationship k)etwe&i the slot formation portions in a waveguide arxi the 
density of a current flowing through the wail surfoce of the waveguide according to a modification of the fifth embod- 
iment; 

40 Rgs. 32A to 32C are graphs showing the relationships between the slot posltiorts of slots formed in a waveguide 
and the radiation energy or the standing wave intensity according to the fifth embocfiment; 
Rgs. 33A and 33B are schematic views showirrg a practical structure of a waveguide of an excimer laser oscillator 
according to the fifth and sixth embocfiments; 

Rgs. 34A and 346 are schematic views showing shielding structures In the laser oscillating apparatus according to 
45 the sixth embodinrmnt; 

Rgs. 35A and 35B are schematic views showing a shielding structure In the laser oscillating apparatus according 
to the seventh embodiment; 

Rgs. 36A and 38B are schematic views showing shielding structures In a laser oscillating apparatus according to 
the seventh embodiment; 

50 Rgs. 37A and 37B are schematic views showing shielding structures in a laser osdltating apparatus according to 
the eigtith embodintent; 

Rgs. 38A arxi 38B are schematic views showing shielding structures In the laser oscillating apparatus according to 
the eighth embodiment; 

Rg. 39 is a schematic sectional view showing a shielcfing structure in the laser osdilating apparatus according to 
55 the eighth embodiment; 

Rg. 40 Is a schematic sectional view sfxjwing a slot in a laser osdilating apparatus according to the ninth embod- 
iment; 

Rg. 41 ^ a schematic plan view showing slots in the laser osdilating apparati^ according to the ninth embodiment; 
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Fig. 42 is a schematic sectional view showing a slot in a laser oscillating apparatus according to the 10th embodi- 
ment; 

Fig. 43 is a schematic view showing a slot in the laser oscillating af^iaratis according to the 10th embodiment; 
Fig. 44 is a schematic plan view showing a slot in the laser oscillating apparatus according to the 10th embodiment; 
5 Rg. 45 is a schematic view showing the major parts of an exdmer laser oscillator according to the 11th embodi- 
ment; 

Fig. 46 is a perspective view showing tiie slot formation surface (E plane) of a waveguide; 

Fig. 47 is a graph shewing the relationship between the standing waves of a microwave when space shift and phase 

shift are performed; 

10 Fig. 48 is a schematic view showing waveguides normally arranged in the excimer laser osdllalor accorcfing to the 
11th embodiment; 

Rgs. 49A and 49B are schematic views showing the waveguides when Xg/2 space shift and Ag/2 phase shift are 
performed at a pitch of Xg in the excimer laser oscillator according to tiie 1 1th embodment; 
Rg. 50 is a perspective view showing the slot formation surface (H plane) in the viaveguide; 
15 Rg. 51 is a schematic view showing the waveguides normally arranged in a rrxxJification of the excimer laser oscil- 
lator according to the 1 1th errtxxiiment; 

Fig. 52 is a schematic view showing a stepper according to the 12th embodiment; 

Fig. 53 is a flow chart showing semicorxiuctor device fabrication steps using the stepper accorcfing to the 12tti 
embodiment; 

20 Fig. 54 is a flow chart showing details of a wafer process shown in Rg. 53; 

Rg. 55 is a schematic sectional view showing a practical structure of a general waveguide; 
Figs. 56A arid 56B.are graphs showingtheiritensrtydistrib^^ 
waveguide; and 

Rg. 57 is a schematic sectional view for explaining a sheatii formed on a slot in a general laser oscillating appara- 
25 tus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0073] Preferred entxxiimerrts of the present invention will now k>e descrit>ed in detail in accordance with the 
30 accompanying drawings. 

(Rrst Embodiment) 

[0074] The first emtxxliment will be desaibed below. In this embodiment an excimer laser oscillator which emits a 
35 so-called excimer laser beam will be explained. Rg. 1 is a schematic view showing the main parts of the excimer laser 
oscillator of th^ emtxxtiment 

[0075] As shown in Rg. 1 , this excimer laser osdllator includes a laser tube 2, waveguide 1 . and cooling vessel 7. 
The laser tube 2 emits a laser beam by resonating light emission due to excitation of an excimer laser gas. The 
waveguide 1 excites the excimer laser gas in the laser tube 2 to generate a plasma. The cooling vessel 7 has cooling 

40 water inlet/output ports 9 for cooling the wavegukJe 1 . 

[0076] The excimer laser gas as a material for generating an exdmer laser beam is at least one inert gas selected 
from Kr» Ar, Ne and He, or a gas mixture of at least one inert gas descnt>ed above and F2 gas. These gases can be 
appropriately selected and used in accordance with the wavelength of interest. For example. KrF is used when a laser 
k>eam with a wavelength of 248 nm ^ to be generated: ArF2 is used when a laser t>eam with a wavelength of 193 nm ^ 

45 to be generated; and F2 is used when a laser t>eam with a wavelength of 157 nm is to be generated. Also; Kr2 is used 
when a laser beam with a wavelength of 147nm is to be generated, ArKr is used when a laser beam witii a wavelength 
of 134 nm is to be generated, and Ar2 is used when a laser beam wrtii a wavelength of 126nm is to be generated. 
[0077] The laser tube 2 has laser gas inlet/output ports 8 through which the excimer laser gas is introduced into the 
tube, and reflecting structures 5 and 6 at the two end portions. These reflecting structures 5 and 6 equalize the phases 

50 of light by plasma discharge and generate a laser beam. 

[0078] The waveguide 1 is a means for supplying a microwave to the laser gas in a gas supply passage structure 
1 1 . As shown in Rg. 1 . a plurality of long and narrow slots 10 are formed in the upper surface. When a miaowave with 
a frequency of a few hundred Mhlz to several tens of GHz is introduced from the lower portion of the waveguide 1 shown 
in Rg. 1 . this miaowave propagates in the waveguide 1 and is entitted from the slots 10 to the outside of the was/eguide 

55 1 . The emitted micrcwave is introduced into the laser tut)e 2 through a wirxJow 1 5 formed in this laser tut>e 2. The micro- 
wave thus introduced excites the excimer laser gas in the laser tube 2, thereby generating an excimer laser beam by 
resonance. 

[0079] In this embodiment, the waveguide 1 has a conductor plate, i.e., a metal wall 12 (Rgs. 2A, 2B, 3A. and 3B), 
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in a portion between the waveguide wall and the laser tube wall. This metal wall 1 2 separates the waveguide wall from 
the laser tut>e wall by a predetermined distance. 

[0080] Rgs. 2A, 2B, 3A, and 3B show practical structures of the waveguide 1 . Fig. 2A is a schematic perspective 
view of the waveguide 1. Rg. 2B is a plan view of the waveguide 1. Rg. 3A is a sectional view taken along a line II - ir 

5 of Rg. 2B. Rg. SB is a sectional view taken along a line I - T of Rg. 2B. 

[0081 ] As shown in Rg. 2B, the slots 1 0 are arranged in a line such that their longitudinal direction is consistent with 
the longitudinal direction of the waveguide 1. The metal wail 12 is so formed as to surrourKj these slots 10. As shown 
in Rg. 3A. between the slots 1 0 and the window 1 5 in the laser tube wall, this metal wall 1 2 fbrnts a space which covers 
the entire area of the waveguide 1 in the longitudinal direction of the laser tube 2. This space is a microwave passage 

10 11. 

[0082] In this embocfiment the slots 10 are formed in a so-called E plane of the waveguide 1. To form the slits 10 
in an H plane, a metal wall nmist be formed so that a passage corresponding to the formation portion of the slits 10 is 
formed. 

[0083] The E plane ^ a plane parallel to the direction of the electric field of a TE^q nxxiemicrowave. The H piane is 
15 a plane perperxficular to this microwave field direction. 

[0084] The distarK^e from the slots 1 0 to the window 1 5 of the laser tut)e wall is an integral multiple of the waveguide 
half-wave length of a microwave introduced from the waveguide 1 . i.e., is a distance d represented by 

d = nxXg/2 (1) 

20 

where Xg is the waveguide wavelength of a miaowave, and n is an integer. 
[0085] AGGording!y,-the passage I t functiors as a resonator to prevent a mi&^^^ 
interfering with a reflected wave from the laser tut>e 2 and weakening each other. 

[0086] The integer n can take any art>rtrary value However, if th^ value is too large, when a microwave propagates 
25 in the passage 1 1 , the loss by absorption of the microwave to the metal wall 12 increases, as will be described later. 
Hence, the integer n is nrK>st preferably set to etooxA 1 to 3 as will be explained later. 

[0087] For the same reason as above, the width of the passage 1 1 is an integral multiple of the waveguide half- 
wave length of a microwave introduced from the waveguide 1 , i.e., is a width w r^esented by 

30 w = n X Xg/2 (2) 

[0088] The function of the waveguide 1 including the passage 1 1 will t>e descril>ed below. 

[0089] When a microwave propagates In the waveguide 1 . an electric current flews through the waveguide wall. A 

microwave exists as a standing wave in a propagation space defined by the distance in the lorrgitudinal direction of the 

35 waveguide 1 . Owing to this standing wave, the current in the waveguide wall also takes the form of a starxiing wave. 
However, the form of the starxiing wave of a nnicrowave is three-dimer^onal and complicated. Therefore, it Is conven- 
ient to consider, as an irxiex, the standing wave of an electric current in a general distributed cor^tant line. 
[0090] Rg. 4 shows an example using the current starxjing wave desait>ed atxive as an irxiex. In this example, the 
slots 10 are formed so that their formation portions corresporxi to the antinodes of the starx£ng wave of a cunent (i e.. 

40 the standing wave of a mic^cwave). Accorcfingly, as shown in Rg. 5. immediately after the mtcrowave is emitted from 
the slots 10, the wavefront of the microwave assumes a discontinuous curved shape corresponding to the slots 10 
owing to the array structure of the slots 10. The microwave gradually approaches a plane wave as it propagates, from 
each slot 10, in the passage 1 1 regulated by the metal wall 12. When the miaGwave is emitted outside (i.e., into the 
laser tit>e) through the passage 1 1 . its wavefront assumes a sut>stantially plane-wave shape over the entire formation 

45 region of the slots 10. 

[0091 ] Aocordngly, a microwave in the form of a sut)stantially uniform plane wave reaches tfie excimer laser gas in 
the laser tube 2. This realizes uniform pl^ma discharge over the length of the laser 2 arxJ helps uniformize laser emis- 
sion. 

[0092] Modifications of the first embodiment will t>e described below. Note that the same reference nunrrerals as in 
50 the above errtxxiiment denote the same parts. arxJ a detailed descrqsrtion thereof will be omitted. 

(Modification 1) 

[0093] In this Modification 1 , as shown in Rgs. 6A and 6B (sectional views similar to Rgs. 3A and 3B), the metal 
55 wall 12 is formed such that only an erxJ portion 13 of the passage 11 is narrowed. Th^ end portion 13 of the passage 
1 1 is slit over the length of the laser tube 2 in a portion (i.e.. the wirxlow 15) where the end portion 1 3 is in corrtact with 
the Iasertut>e2. 

[0094] When the passage 1 1 is formed into this shape, unintentional energy scattering can be further suppressed 
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when a microwave is emitted into the laser tube 2. 
(Modification 2) 

5 [0095] In this Modification 2, the passage 1 1 is filled with a dielectric member 14 as shown in Rgs. 7 and 8 in the 
structures shown in Rgs. 3 A arxi 6A, respectively. Suitable materials of this dielectric member 14 are quartz, calcium 
fluoride, aluminum nitride, alumina, and zirconia. 

[0096] By fOling the passage 1 1 with the dielectric member 14, the generation of a plasma in the passage 1 1 can 
be prevented. This delecbic member 14 used desirat>ly has a high dielectric constant and a snrtall dielectric loss for 

10 wore efficient propagation of a microwave. 

[0097] Furthermore, the dielectric menrter 14 can be composed of a plurality of different members made from a 
plurality of different dielectric substances having different cfielectric con s tants. That is, when the resistance against flu- 
orine gas or a plasma having high reactivity or the transmittance of a miaowave is taken into consideration, the dielec- 
tric member shown in Fig. 7 can be composed of a plurality of different dielectric sut)stances having different physical 

15 characteristics or different dielectric constants. For example, the end portion 13 and the other portion of the cfielectric 
memt)er 1 4 shown in Rg. 8 can be constructed of a plurality of different dielectric substances having different cfielectric 
constants. 

[0098] To rapidly emit large amounts of heat simultaneously generated in plasma to the outside, the dielectric mem- 
ber 1 4 is required to have high thermal conductivity. Additionally, since the dielectric member 1 4 is exposed to an ambi- 

20 ent such as an exdmer laser, containing F2 which is highly reactive and the like, it is important for this dielectric 
member 14 to have high resistance against corrosive gases. The surface in contact with the emission end of a miao- 
wave, i.e., a plasma is in very severe environment at a high tenr^eratu-re of 100 to I .OOO^G {deperxiing on the inddent 
energy) plus sputtering by ion irradiation of a few eV to a few hundred eV (depending on the plasma potential) from the 
plasma. Accordingly, AIN or alumina having high thennal conductivity arxJ a relatively high F2 resistance is used as the 

25 material of the dielectric member 14. Also, tine surface (tiie interface with the plasma) of this dielectric member 14 is 
coated with a ftuoride, such as CaF2, IJF2, AIF3 or MgF2, having a thickness of a few |im to a few hundred ^m. Conse- 
quentiy, it is possible to simultaneously achieve high thermal conductivity, high resistartce to corrosive gases, and high 
sputtering resistance. 

[0099] The energy loss in the passage 1 1 is roughly divided into two losses: dielectric loss in the packed dielectric 
30 member and loss on the waveguide wall. An attenuation constant a by the dielectric loss is represented by 

a = (o\i<jtZp (3) 

(a>: angular frequency/|Ji: permeability/a: electrical conductivrty/p: phase constant). Focusing attention on the TE10 
35 mode, the k>ss on the waveguide wall is given by 

/Y= 1 a \2aJ 



40 




45 (^: electric wave impedance/5: skin depth) 

[0100] The dominating one of these two losses need only be smaller than the energy supplied by a plasma. That 
is, letting r t>e the absorptivity of microwaves by a plasma, r «1 . When round trip (multiple reflection) k>etween the slot 
surface and the plasma interface is taken into consideration, the maximum length of the uniformized line can be defined 
by using n meeting 

50 

exp(-2a • nXAg/2) < r (4) 

[0101] In respect of the efficiency of a microwave, however, it is important to set the loss to be as small as possible 
compared to the absorption r. It is preferable to design the loss to be akx>ut 1/1 0 to 1/1 00 of r (with this design, a system 
55 having smaller loss can be designed). 

[0102] A practical experiment conducted by filling tiie passage 1 1 with the dielectric member 14 will t>e descrft>ed 
below. 

[0103] An E-surface em^on antenna having a = 42 mm, b = 21 mm, arxi a waveguide resonator lengtti (in the 
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longitudinal direction. I.e., the laser oscillation drection) of 220.8 mm was used to manufacture a 2.45-GHz microwave 
emission antenna having an Al alloy housing in which the metal wall 12 was formed in front of the slots. A waveguide 
resonator, i.e., the passage 1 1 was filled with alumina with a dielectric constant of 9.8. The wavelength in the waveguide 
resonator was 44.2 mm. Accordingly, the slot pitch was also set to 44.2 mm. 

5 [0104] A microwave emitted from the slots was emitted Into the passage 1 1 . This passage 1 1 was approximately a 
parallel-plate waveguide Under the approximation, the wavelength was 39.1 mm, equal (inside th dielectric member) 
to the wavelength in a free space. In effect, the waveguide was a rectangular waveguide whose a was a length of 235.3 
mm in the laser oscillation direction of the passage 11. The waveguide wavelength was 39.2 mm, different from the 
wavelength in a free space by only about 3.5 x 10~^ . Hence, in this structure wavelength approximation of the free 

10 space length is also usable. The half-wave length was 1 9.6 mm. The d^nce from the slot surface 1 0 of the passage 
1 1 to the emission surface was given by 19.6mm, 39.2mm. 58.8mm for n: 1. 2. 3..... 

[0105] Loss in the resonator will be considered belcw. a by the dielectric loss was 5.22 x 10'^ dB/m when the resis- 
tivity of alumina was 1 0'^ ^ Q • cm. The loss by waveguide wail absorption was 0.234 dB/m when the resistivity of alu- 
mina was 2.65 X 10~^ Q*cm. In this case, the dominating loss was the absorption by the wail. Therefore, a loss of 
75 0.053% was produced with respect to energy propagating in the waveguide for each progress of 1 9.6 mm. Accordingly, 
to suppress loss caused by round trip in the passage 11 to be about 0.2% of the input energy, n was set to 1 to 3 which 
was smaller than 4 (loss: 0.21%) arxj which the best unifbrmizing effect was obtained. Since multiple reflection 
occurs in practice, it is necessary to suppress to this low loss level. 

20 (Modification 3) 

[0106] In this Modification 3, as shown in Rg£. 9A and 9B^( 

portion 13 of the passage 1 1 is widened. More specifically, the metal wall 12 is fomied so that the passage 1 1 has a 
wide portion 16 whose half-width a satisfies a = Xg/4 or a = XQf2 . 

25 [0107] In this structure, the wide portion 1 6 is formed by the passage 1 1 over the entire area of the waveguide 1 in 
the longitucfinal direction of the laser tube 2. Since this wide portion 1 6 is formed to have the width as described above, 
the resonance energy of a microwave can be efficiently concentrated in this wide portion 16. 
[0108] As in Modification 2 described above, a dielectric member with which the wide portion 1 6 shown in Figs. 9A 
and 9B is filled can t>e made from a material having a different dielectric constant from that of a dielectric memt>er in the 

30 Other portion. 

[0109] A waveguide was manufactured by adding this structure to the waveguide having the structure explained in 
Modification 2. a was 19.6 mm and 39.2 mm for Ag/4 and X g/2, respectively, and the height of the wide portion 16 was 
5 mm. The thickness of the passage 1 1 was 4 mm. Energy existing in the wide portion 16 was 31 .3% and 47.7% of 
energies existing in the passage 1 1 and the wide portion 16, respectively. This irKlicates that energy was concentrated 
35 into a portion (i.e. , the wide portion 1 6) dose to the window 1 5. This comparison seems to demonstrate that energy was 
more concentrated when a was Xg/2. However, the energy of a microwave existing within a cfistance of Ag/4 from the 
center of the wide portion 16 (i e.. in the vicinity of a slot 10) was 31.3% and 23.8% of energies existing in the passage 
1 1 and the wide portion 16. respectively. TTierefbre. the effect of concentrating energy to the vicinity of the slot 10 was 
larger when owas Ag/4. 

40 [0110] Anoth^ fbmn of Modification 3 is shown in Rg. 10. In this structure, the width of the wide portion 16 is 
changed along the longitudinal direction of the laser tube 2 by reflecting the intensity distrikHition of a microwave emitted 
from the slot 10. That is, in addition to forming the passage 1 1 by forming the metal wall 1 2. the width (or the half-width 
a) of the wide portion 16 ^ changed in accordance with the nonuniformity in a microwave emission portion of the pas- 
sage 1 1 to further improve the uniformity, in order to unifbrmize the wavefront of a microwave. 

45 [0111] Consequerrtly, a microwave formed into a more uniform plane wave reaches the excimer laser gas in the 
laser tube 2. This realizes uniform plasma discharge over the length of the laser tube 2 arxi contributes to further uni- 
formization of laser emission. 

[0112] This effect is due to the intrinsic property of microwaves by which the characteristics of a propagation path 
can be changed by changirvg a spatial gap shape. Irrpedance Z of a terminally short-circuited waveguide with length L 
50 and characteristic impedance Zq is 

Z = jZotan(27fLyxg) 

This shows that an inductive element (an inductance or coil as a disaete elenrrerrt) and a capacitive element (a capac- 
55 itance or capacitor as a disaete element) having any arbitrary value can be formed by only changing L Changing the 
half-width a in the slot line direction is equivalent, for an electromagnetic wave, to additionally changing the irrpedance 
of a slot (in equivalent circuit, coils arvJ capacitors having various values are connected in parallel with a slot). As a con- 
sequence, the distribution of an electromagnetic wave emitted from the slot can t>e controlled. 
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(l^cxJification 4) 

[0113] In this Mocfification 4. as shown in Fig. 11. on each slot 10 in the passage 1 1 , a dielectric lens 17 having a 
symrnetrical curved surface with respect to the slot 1 0 is formed. This curved surface shape can be a combination of a 
5 spherical surface, an aspherical surface (e.g.. an elliptic or hypertx)lic shape), and a rectangular shape in accordance 
with the shape and size of the slot 10 and a microwave emitted. The illustrated curved surface shape is spherical. 
Lenses applicable as this cfielectric lens 17 include all structures having a lens effect with respect to microwaves, such 
as a zoning lens. 

[0114] The cfi electric lens 17 has a dielectric constant and the curved surface which cancel a phase shift due to the 
10 path length difference between microwaves passing through the slots 1 0 when the wavefront shape of microwaves is to 
k>e unifbrmized. Generally, the propagation velocity of a miaowave in a dielectric sut>stance is lower tfmn that in a vac- 
uum (or air). By designing the dielectric lens 1 7 as described above, therefore, the wavefront can be adjusted in propor- 
tion to the path length difference and uniformized. 

[01 1 5] The dielectric constant arxj the curved sur^ce shape are pref erat)ly optimized by taking account of multiple 
15 reflection. I.e.. reflection by the plasma generated. Alternatively, to minimize this reflection, the lens thickness of the die- 
lectric lens 1 7 Is desiratily set to an integral nrultiple of Ag/2 (when the dielectric constants of both dielectric memt)ers 
t>efbre arxJ after the lens are high/low) or an odd-numt>er nruiltiple of Ag/4 (in other cases). 

[0116] Another form of Modification 4 is shown in Rg. 12 (a sectional view analogous to Fig. 1 1). In this structure, 
dielectric lenses 18 are not formed on the individual slots 10; the delectric lenses 18 are arranged at predetermined 
20 distances in the passage 1 1 . and their curved surfaces are aspherical surfaces. 

[0117] In Rgs. 1 1 and 12. when the passage 1 1 is filled with a delectric merrter, a similar effect can naturally be 
achieved by forming gaps having the shapes of the dielectric lerises 17 and 18 in the dielectric member In the passage 
1 1 . instead of forming the dielectric lenses 1 7 and 18. 

25 (Modification 5) 

[0118] In this Modification 5. as shown in Rgs. 13A and 13B (identical witii Rgs. 3A arxi 38), tiie waveguide 1 is 
filled with a dielectric member 19. Letting Ac be the cutoff frequency, the relationship between wavelengtii X and 
waveguide wavelength Ag of a microwave emitted Is represented by 



7(1/X)^-(1Ac)^ 

35 That is. In E-plane radiation tiie interval between slots 10 is Ag or Ag/2. Therefore, when the waveguide 1 is filled with a 
dielectric member having a high dielectric constant arxi if this dielectric member 19 is not a ferromagnetic member, the 
wavelength X decreases in inverse proportion to the square of the dielectric constant, and the pitch of the waveguide 
wavelerigth A. g narrows. This allows a more uniform emission of microwaves. 

[0119] Examples of usable dielectric sut>stances are as shown in Table 1 below. However, dielectric loss genercilly 
40 increases when a dielectric constant increases, so the material must be chosen by taking this Into cor^eration. 



Table 1 



45 





Dielectric constant 


Ratio|%] of wavelength A, 
normalized in the absence 
of dielectric sub^ance 


Air 


1 


1.000 


Quartz 


3.6 


0.527 


Cateium fluoride 


6.76 


0.385 


Aluminum nitride 


8.8 


0.337 


Alumina 


9.8 


0.319 


Zirconia 


12.5 


0.283 



[0120] When the waveguide 1 is filled with these dielectric sut>stances, the guide wavelength of in the waveguide 1 
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decreases at the was^elength ratios described in Table 1 . This makes it possible to suff identty uniformize the wavefront 
of a microwave. 

(Modification 6) 

5 

[0121] In this Modification 6. a microwave with a frequency of about 4.9 GHz is used to double the pitch in the 
waveguide 1 having high frequency, e.g., 2.45 GHz. Consequently, the wavelength X dhanges in inverse proportion to 
this frequency, and this narrows the pitch of the slots 10. 

10 (Modification 7) 

[0122] In this Modification 7, the H-plane width of the waveguide 1 is made as large as possible. As a cutoff fre- 
quency Xc of the waveguide 1 is inaeased within the range in which microwaves of an excitation frequency band are 
not cut off. the waveguide wavelength Xg approaches the wavelength X. Accordingly, when only the TE10 nrxxte propa- 

15 gates in the waveguide 1 . the pitch of the slots 10 can be narrowed by making the H-plane width as large as possible. 
The condition by which only the TE10 mode propagates is a <>. (<2aL) where a is the H-plane width, so this H-plane 
width is given by (X/2 <) a < X. The term in 0 is the condition which eliminates the conditions by which microwaves of 
all modes cannot propagate. Therefore, by setting the H-plane width a to atx>ut the wavelength X, the waveguide wave- 
length Ag can t>e set to a minimum value 2/3^^X (= 1.15 X). Note that when multi-mode excitation is permitted, the 

20 waveguide wavelength Xg approaches the minimum value X. However, this is unrealistic because a ^ «> in this case. 
[01 23] As described above, the exdmer laser oscillators according to this emtxxiiment and its modifications employ 
a slot luroy structure arxJ.yet realize electrornagnetiG-wa^ 
arxj allow uniform laser emission with minimum energy loss. 

[0124] In the first emtxxiimertt as described above, although a slot array structure is used, it is possft)le to realize 
25 electromagnetic wave radiation uniform as a whole over the length of a laser tut>e arxi emit uniform a laser beam with 
minimum energy loss. 

(Second Embodiment) 

30 [0125] The secorxl embodiment will be desaibed next Fig. 14 ^ a view showing a laser oscillating apparatus 
according to the second emtxxJiment In Rg. 14, the same refererx^e numerals as in Rg. 1 denote parts having the 
same functions. 

[0126] Awaveguidel is a means for supplying a microwave to a laser gas in a gas supply passage structure 1 1 . A 
plurality of long axud narrow slots 10 are fonrned in the upper surface in Rg. 14. When a microwave with a frequency of 
35 a few hundred MHz to several tens of GHz is introduced from the upper portion of the waveguide 1 , this microwave 
propagates in the waveguide 1 and is emitted from the slots 10 to the outside of the waveguide 10. The emitted micro- 
wave is introduced into a laser tut>e 2. The miaowave thus introduced excites an excimer laser gas in the laser tut>e 2, 
tiiereby emitting an excimer laser beam by resonance. 

[0127] Rgs. 1 5A arxl 1 5B show a practical structure of the waveguide 1 accordir^g to the second embodiment Rg. 

40 15A is a schematic perspective view of the waveguide 1 . Rg. 15B is a plan view of the waveguide 1 . 

[0128] As shown in Rg. 15B. the skits 10 are arranged in a line such that their longitudinal direction is cortsistent 
with the longitudinal direction of the wavegukJe 1. These skTts 10 are arranged along the longitudinal direction of the 
wavegukJe 1 . and each slot 10 has a shape exterxling in the longitudinal direction of the waveguide 1 . In this second 
emtxxiiment, the present invention is applied to the slot 10 whk;h emits a micrcwave enrtitted from the E plane as the 

45 short end face of the waveguide 1. 

[0129] Rg. 1 9A is a schematic view showing electric currents generated on the inner wall surface of the waveguide 
1. As shown in Rg. ISA, electric currents are generated in a direction perpendcular to the slots 10 on the inner wail 
surface of the waveguide 1. Rg. 19C is a schematic view showing the E and H planes of the waveguide 1. The E plane 
is the short end face (the surface parallel to the drection of an electric fiekJ generated by a microwave) of the waveguide 

50 1 . The H plane is the long end face (tiie surface perpendicular to the direction of an electric fiekJ g^erated by a TE^q 
mode microwave) of the waveguide 1 . 

[0130] Rg. 16A is a schematic plan view showing ttie shape of one art>itrary slot 10. As shown in Rg. 16A, the slot 
10 widens toward its end portions in tf^ longitudinal direction. 

[0131] Rg. 16C is a graph showing the relationship between the longitudinal position on the skit 10 shown in Rg. 
55 16A and the aperture ratio of the slot 10. As shown in Rgs. 16A and 16C. the aperture ratio increases toward the end 
portions of the slot 10. 

[0132] Rg. 16D is a graph showing the intercity of radiation energy when a mk:rowave is radiated through the slot 
10 shown in Rg. 16 A. As shown in Rg. 16D, radiation energy in particularly tiie end portions of the slot 10 can be 
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increased by the use of the slot 10 having a large aperture ratio in its end portions. That is. by changing the width of the 
slot 10 with respect to the cunrent density across the slot 10 as shown in Rg. 1 6B, the radiation energy of a nnicrcwave 
enrntted can be controlled in each longitudinal portion of the slot 10. Ckxtsequentiy. uniform radiation as shown in Rg. 
16D is realized. 

5 [0133] Note that the distribution of a ntiaowave in actual enrission is very difficult to measure or analyze owing to 
interference with a plasma and the lika Accordingly, in Rg. 16D. the uniformity is evaluated by evaluating the uniformity 
from a slit with no plasma being exerted. 

[0134] This slot 10 having a centrally symmetrical shape Is suitably used for microwaves emitted to the E plane by 
which the density distritxjtion of an electric current is symmetrical in the short-axis direction of the slot 10. 
10 [0135] As described above, the width of the slot 10 is changed along its longitudinal direction; the width in the end 
portions along the longitudinal direction is niade larger than that in the central pc»1ion. Accordingly, the radiation of a 
microwave can be increased particularly in the end portions of the slot 10. This makes uniform nrvcrowave emission as 
shown in Rg. 16D feasible. 

[01 36] Rg. 1 7A is a schematic plan view showir^ arxither exarrple of the shape of the slot 1 0. The two end portior^ 
IS in the longitudinal direction of this slot 1 0 shown in Rg. 1 7A are locally widened circularly into the shape of a dumbbell. 
[0137] Rg. 17B is a graph showing the relationship t>etween the longitudinal position on the slot 10 shown in Rg. 
17A and the aperture ratio of the slot 10. As shown in Rgs. 1 7A and 1 7B, the aperture ratio increases in the end por- 
tions of the slot 10. 

[0138] Rg. 1 7C is a graph showing the intensity of radiation energy when a microwave is emitted tivough the slot 
20 10 shown in Rg. 17A. As shown in Rg. 17C. by the use of the slot 10 having a large aperture ratio in the erxl portions, 
it is possit)le to enhance the emission of a microwave in drcular portiorts 10a arxl inaease tiie radiation energy partic- 
ulariy in the end portions of the slot 10. That is. by changing.the.width of.the slot 10 wth .reject-to the currsrrt density 
across the slot 10 as shown in Rg. 19A, the intensity of a microwave emitted can be controlled in each longitudinal por- 
tion of the slot 10. This realizes uniform radiation as shown in Rg. 1 7C. 
25 [0139] Also, the length of the slot 1 0 can be equivalentiy increased by inaeasing the radius r by adding a circle witii 
the radius r to each end of the slot 10. Consequently, Q can be deaeased without substantially setting the slot length 
to Xgy2. Furtiiennore. since the end portions of the slot 10 are circular, mechanical processing for forming the slot 10 
can be easily and precisely performed. 

[0140] Rg. ISA shows a slot 10 having a shape connecting the two circles of the slot 10 shown in Rg. 17A with 
30 snrKX>ther curves. 

[0141] Rg. 188 is a graph showing the relationship between the long'rtudinal position on the slot 10 shown in Rg. 
18A and the aperture ratio of the slot 10. As shown in Rgs. 18A and 188. the aperture ratio increases toward the end 
portions of the slot 10. 

[0142] Rg. 18C is a graph showing tiie intensity of radiation energy when a nvcrowave is radiated through the slot 
35 10 shown in Rg. 18A. As shown in Rg. 18C, by the use of tiie slot 10 having a large aperture ratio in the end portions. 

it is possible to enhance the emission of a microwave in drcular portions 10a and inaease the radiation energy partic- 

ulariy in the end portions of the slot 10. This realizes uniform radiation as shown in Rg. 18C. 

[0143] The slot 1 0 shown in Rg. 18A has the drcular end portions sinrtilar to those of the slot 1 0 shown in Rg. 1 7A. 

Hence, it is possible to equivalentiy increase the length of the slot 10 and easily and predsely perform mechanical 
40 processing. 

[0144] When the sbts 10 having the shapes shown in Rgs. 16A. 17A. and 18A are used, the uniformity of a micro- 
wave emitted improves in the order of the slot 1 0 shown in Rg. 1 7A, the slot 10 shown in Rg. 16A, arxi the slot 10 shown 
In Rg. 18A. The maximum intensity of a microwave also Increases in the order of the slot 10 shown In Rg. 17A, the slot 
10 shewn in Rg. ISA. and the slot 10 shewn in Rg. 18A. In practice, however, this tendency changes in accordance 
45 with the size of the slot 10. the size relationship with the waveguide as an exdting source, and the shape of a curve. 
Note that the aperture ratio distribution described above is set by making great account of the uniformity in as a wide 
range as possible. However, it Is of course also possible to cause strong excitation in the end portions arxj weaken the 
intensity in the central portion by decreasing the aperture ratio in the central portion. 

[0145] Rg. 23 shows a slot 10 whose widtii in the central portion in the longitudinal direction is larger than that in 
50 the end portions. In the waveguide 1 . a nonuniform electric f ieki also distributes in a direction perpendicular to the lon- 
gitudinal cfirection of the waveguide 1. When this electric field is taken into consideration, the slot 10 having the shape 
shown in Rg. 23 can unHormize the intensity of a microwave emitted through the slot 10. 

[0146] In the second embodiment as described above, the width of the slot 10 is changed along its longitudinal 
direction such that the aperture in the erx) portions of the sk>t 1 0 inaeases. This makes it possible to increase the inten- 
se sity of microwaves radiated from the end portions of the sbt 1 0. Accordingly, uniform radiation of microwaves is possible 
in the entire region on the slot 10. 
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(Third Embocfiment) 

[01 47] The third embodiment of the present invention will be desaibed below. In th^ third embodiment the present 
invention is applied to a slot which emits microwaves from the long end face (H plane) of a waveguide 1 . Note that the 
5 overall structure of an exdmer laser osctllator according to the third embodiment is identical with the second embodi- 
ment, so a detailed description thereof will be omitted. Note also that in the drawings for explaining the third embodi- 
ment, the same reference numerals as in the second emtxxjiment denote sut>stantially the same parts, and a detailed 
description thereof will be omitted. 

[0148] Rg. 1 9B is a schematic view showing the directions of electric cunents generated in the waveguide wall by 
10 a microwave on the H plana As shown in Rg. 19B. each electric current flowing along the inner wall surface of the 
waveguide on the H plane flows from a node in the center of the width in a direction perperxficular to the longitudinal 
direction of the waveguide 1 toward a node separated by Ag/2. 

[0149] Hence, when slots 1 0 are alternately formed at a pitch of Ag/2 in positions apart by d from a central line (an 
attemate long arxJ short dashed line C) of tiie width in tiie cfirection perpendicular to the longitucfinal direction of the 

15 waveguide 1 . radiations from all the slots 10 are in phase with each other. 

[0150] Rga 20A and 20B show the shape of a slot 10 suitably used for microwave emitted from the H plane. As 
explained in Rg. 19B. electric currents generated by a microwave are radially emitted from a node. So. a direction along 
which the slot 10 extends is made perpendicular to the current directions. That is, when the slots 10 having the shape 
shown in Rg. 20 A are formed in positions shown in Rg. 20B, the exterxling directions of tiiese slots 10 can be made 

20 perpendicular to the current directioris. This allows efficient emission of a microwave from tiiese slots 1 0. 

[0151] Rgs. 21 A and 21 B are plan views showing other examples of the shape of the slot 10 used for the H plane. 
A slot 10 shown in Fig. 21A tes an irrcre^ed opening.widlh in. its end portions. Therefore, by forming these slots 10 in 
the positions shown in Rg. 20B, tiie radiation of a microwave in the end portions of the slot 10 can be increased. Con- 
sequently, it possitrfe to unifonmize the intensity of a microwave radiated above tiie slot 10. 

25 [0152] A slot 10 shown in Rg. 21 B has a larger opening widtii in the central portion than in the end portions same 
as a slot 10 shown in Rg. 23. 

[0153] Slots 10 shown in Rgs. 22A arxi 22B have circles witii a radius r in their erxj portions, like the slots 10 
explained with reference to Rgs. 17A arxJ 18A in the second embodiment As in the secorxJ embodiment, it is possible 
witii these shapes to enhance the emission of a microwave in circular portions 10a and uniformize a microwave radiated 
30 over the slot 10. 

[01 54] Also, tiie lengtti of the slot 1 0 can k>e equivalentiy increased by increasing the radius r t>y adding a circle with 
tiie racfius r to each end of the slot 10. Consequentiy. Q can be deaeased without sut>stantially setting the slot lengtii 
to Xg/2. Furthennore. since the end portions of the slot 10 are circular, mechanical processing for forming tiie slot 10 
can be easily and precisely performed. 

35 [0155] In the third embodiment of the present invention as descn*bed above, with respect to a microwave emitted 
from the H plane, tfie slots 10 are formed in positions spaced apart by a predetermined distance d from the center (the 
central line C in Rg. 1 9B) of the waveguide 1 . Consequentiy. a microwave can be radiated in phase from these slots 1 0. 
[0156] Also, the shape of the slot 10 is curved, and this curved slot 10 is extended in a direction perpendicular to 
the directions of currents generated on tfie wall surface of the waveguide 1. This allows more efficient radiation of a 

40 microwave. 

[0157] Furthermore, the width of the slot 1 0 is increased in its end portions. This makes it possible to enhance tiie 
radiation of a microwave in the end portions of the slot 10 and unifbrmize the intensity of a microwave radiated in the 
entire area over the slot 10. 

45 (Fourth Errtxxjiment) 

[01 58] The fourth embodiment of the present invention will be descrit>ed below. Note that tiie overall structure of an 
exdmer laser oscillator according to this fourtti embodiment is identical with the second embodiment so a detailed 
description thereof will be omitted. Note also that in the drawings for explaining the fourth emtxxiiment the same refer- 
so ence numerals as in the second embodiment denote sut>stantially the same parts, arxl a detailed description th&'eof 
will be omitted. 

[0159] Accorcfing to the characteristic feature of the fourth embodiment in order to unifbrmize the radiation of a 
microwave, the opening shape of a slot 10 ^ a normal rectangular shape, and the internal shape of the wall of a 
waveguide 1 in which this slot 10 is formed is made cfifferent from the opening shape of the slot 10. thereby forming an 
55 air-gap structure 215. As will be descrit>ed later with reference to Rg. 24B. this air-gap structure 215 is an air gap 
formed in the wall surface of the waveguide 1 in which the slot 10 is formed. 

[0160] Rgs. 25A and 25B show an example of the air-gap structure 215. In this exanrple. the entire region of tiie 
air-gap structure 215 is spaced apart by Xg/4 from the slot 10. Consequently, in this air-gap structure, the length of a 
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space in a direction perpendicular to the slot 10 is X g/2. Accordingly, rt is possible to resonate a mjcrcwave in the air- 
gap structure 215 and increase the racfiation efficiency. 

[0161] Referring to Rgs. 26A and 26B. the entire region of the air-gap structure 215 Is spaced apart t>y Xg/2 from 
the slot 10. In this air-gap structure 215, the length of a space In a direction perpendicular to the slot 10 Is also Ag. So, 
5 it Is possible to resonate miaGwaves in the air-gap structure 215 and irrprove the racfiation efficiency. 

[0162] Rg. 24A Is a plan view shOMring th slot 1 0 and the air-gap structure 215 according to a nrtodif tcation of the 
fourth embodiment Rg. 24B Is a schematic sectional view showing a section taken along an afternate long and short 
dashed line I • r shown in Rg. 24A. 

[0163] As shown In Rg. 24A, the slot 10 accorcfing to the fourth embodiment has a rectangular shape, and Its lon- 
10 gitudinal direction Is the same as the longrtucfinal direction of the waveguide 1 . 

[0164] The impedance changing air-gap structure 215 is so tbmrted as to surrourxJ this rectangular slot 10. As 

shown in Rg. 24B, this air-gap structure 21 5 Is formed in the inner wall of the waveguide 1 in which the slot 1 0 is formed. 

Th air-gap structure 21 5 extends to a region incficated by the dotted line shown in Rg. 24A. 

[0165] As shown in Rg. 24A, each end of the air-gap structure 215 is formed Into a cirde having a radius of Xg/4 
15 from the end portion of the slot 1 0. In the central portion in the longitudinal direction of the slot 1 0, the distance from the 

erxi portion of the slot 10 is Ag/4 or less. 

[0166] As shewn In Rg. 24A, t^y changing the distance between air-gap erxl arxJ the slot 10 In tiie bng-axis direc- 
tion of the slot 10, the emission characteristic of a mtcrcwave in the long-axis direction cf the slot 10 can be changed. 
[01 67] This effect is due to the state In which resonance conditions do not hold in each portion of the slot 1 0 and to 
20 the intrinsic property of microwaves that the characteristics of a propagation path can be changed by changing the 
shape of a spatial gap. Inrpedance Z of a terminally short-circuited waveguide with length L and characteristic imped- 
ance Zn is 

Z=jZotan(27i-Lyxg) 

25 

This indicates that a inductive element (a coil as a cfiscrete element) and a capadtive element (a capacitor as a disaete 
element) having any arbitrary value can be formed by only changing L Changing the half-width a In the slot line direc- 
tion is equivalent for an electromagnetic wave, to additionally changing tiie impedance of a slot (In an equivalent drcuit, 
coils and capacitors having various values are connected In parallel with a slot). As a consequence, the distritxition of 
30 an electromagnetic wave emitted from the slot can be contrdled. 

[0168] By using this property, tiie radiation of a microwave In the longitudinal center of the slot 10 can be sup- 
pressed. So, tiie intensity of a miaowave radiated over the slot 10 can be unifbrmized. 

[0169] Rgs. 27A and 27B show structures in which In order to increase the radiation efficiency of a microwave, tiie 
longitudinal lengtti of the slot 10 is set to Ag/2. Rg. 27A shows a structure applied to the H plane. Rg. 27B shows a 
35 structure applied to the E plane. Since the length of the slot 1 0 Is Ag/2. It is possible to resonate a microwave in the lon- 
gitudinal direction of the slot 10 and Improve the radiation effidency of tiie microwave. 

[01 70] Rg. 28 A shows a slot 1 0 having a tapered sectional shape which widens toward the inside of the waveguide 
1 . Since the taper which widens toward tiie lower portion of the slot 10 is formed, the spatial Impedance nrxxierately 
changes, so reflection hardly occurs. Consequentiy, a larger amount cf a microwave can be Introduced into the slot 10, 
40 and tNs increases the radiation effidency of a nrdcrcM^tve from the slot 10. 

[0171] Rg. 28B shows an example in which a dielectric lens 216 is inserted into the tapered portion of tiie slot 10 
shown In Rg. 28A. This dielectric lens 216 can concentrate a microwave into the slot 10 arxJ thereby inaease the radi- 
ation effidency of a microwave from the slot 1 0. 

[0172] Also, as shown in Rg. 28C, a dielectric lens 217 can be placed immediately below the normal slot 10. This 
45 also makes it poss(t)le to concentrate a microwave Into the slot 1 0 and increase the radiation effidency of a microwave 
from the slot 10. 

[0173] In the fourth embodiment as descrbed abcve, tiie air-gap structure 21 5 having a shape different from the 
opening shape of the slot 10 is formed in the wall surfoce of the waveguide 1 in which the slot 10 Is formed. This alkwvs 
the impedance in the slot 1 0 to vary. Accordingly, the formation of this air-gap structure 215 realizes uniform microwave 

50 emission over tiie slot 10. Also, by setting the air-gap region 215 to a predetermined size, a microwave can be reso- 
nated in this air-gap region 215, so the radation characteristic of a micrcwave can t>e improved. 
[0174] FurthernfK>re, when the sectional shape of the slot 10 Is tapered such tfiat the slot 10 widens toward the 
inside of the waveguide 1 , a larger amount of a nticrowave can t>e introduced Into the sk>t 1 0, so the radiation effidency 
can be Increased. The racfiation effidency cf a miaorave can also be Inaeased t>y pladng a dielectric lens in, or below, 

55 the slot 10. 

[0175] As descrft>ed above, the second to fourth embodiments can realize uniform plasma excitation over the 
length of each incfividual slot Therefore, It Is possible to provide a laser oscillating apparatus capat)le of uniform laser 
emission with minimum energy loss, a high-performance exposure a;^>aratus induding this laser osdilating apparatus. 
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and a high-quality device fabrication method using this exposure apparatus. 
(Fifth Embodiment) 

5 [0176] The fifth embodiment will be described next The arrangement of a laser oscillating apparatus according to 
this fifth embodiment \s identical with the second embodiment (Rg. 14). so its illustration and detailed description will 
t>e omitted. 

[0177] Rgs. 33A and 33B show a practical structure of a waveguide 1 according to the frfth embodiment Rg. 33A 
is a schematic perspective view showing the waveguide 1. Rg. 33B is a plan view of the waveguide 1 . 
10 [0178] As shown in Rg. 33B. slots 10 are arranged in a line such that their longitudinal direction is consistent with 
the longitudinal direction of the waveguide 1. These slots 10 are arranged along the longitudinal direction of the 
waveguide 1 . and each slot 10 exterxls in the longitudinal direction of the waveguide 1. 

[0179] In this fifth embodiment on the E plane of the waveguide 1 . the slots 1 0 are formed in a line at a pitch of Ag 
(Xg: waveguide wavelength) in the lorrgitudinal direction. Each slot 10 is formed in a position where the emission char- 
15 acteristic of a microwave deperxjing upon the slot 1 0 is contrary to the intensity d^bution of a microwave propagating 
in the waveguide 1 . 

[0180] Rg. 29 shows practical positions of each slot 10. As shown in Rg. 29, in a comparative example, each slot 
10 is formed in a position where a nrmimum value of the intensity distrit)ution of a microwave (in this example shewn in 
Rg. 29. the density distribution of an electric cunrent flowing on the wall surface of the waveguide 1 is indicated as an 
20 index of the intensity distribution of a microwave) is in the center of the slot 10. As descrit>ed akxTve. when this \s the 
case the intensity distribution due to the emission characteristic of a miacwave depending upon the slot 10 is in suk>- 
stantially agreement with the intensity distrtoutioffi of a miCTOwave.propagating in the waveguide 1 . Hence, the irrtsnsity 
distrSution of a microwave is as shown in Rg. 32A. 

[0181] In contrast in this en^xxfiment shown in Rg. 29, the slots 10 are formed in positions equally shifted Xg/4 
25 from the positions of the corrparative example in each of which a maximum value of the intensity distrikxition of a micro- 
wave is in the center of the slot 10. 

[0182] Accorcfingly. each slot 10 exists such that a minimum value of the intensity cfistribution of a microwave prop- 
agating in the waveguide 1 is positioned in substantially the center of the slot 1 0. Consequerrtiy. the intensity distrilxition 
of a microwave propagating in the waveguide 1 is influenced by the intensity cfistribution due to the emission character- 
so istic of a miaowave depending upon the slot 1 0. As shown in Rg. 30. th^ increases the uniformity of the intensity dis- 
trbution of a microwave emitted from each slot 10. 

[0183] In this embodiment, the slots 10 are formed in a so-called E plane of the waveguide 1 . However, the same 
argumerrt holds even when a so-called H-plane antenna in which the slots 10 are formed in the H plane is used. 
[0184] As shown in Rg. 31 . this embodiment is also applicable to a structure in which tiie slots 10 are formed in a 
35 line at a pitch of Xg/2 in tiie longitudinal direction. As in Rg. 29. the embodiment is shown in comparison with a compar- 
ative example. As shown in Rg. 30. the intensity cfistribution of a micrcwave emitted from each slot 10 actually 
incre^es. 

[0185] More specifically, an E-plane emission antenna having La (wicith of the long end face)= 42 mm. Lb (width of 
the short end face) - 21 mm. and a waveguide resonator length (in the laser oscillation direction) of 220.8 mm was used 

40 to manufacture a 2.45-GHz microwave emission antenna t^ng an aluminum alloy housing. A waveguide resonator 
was fOled with alumina with a dielectric constant of 9.8. The wavelength in tiie waveguide resonator was 44.2 mm. 
Accordingly, the slot pitch was also set to 44.2 mm and 22.1 mm for pitches of Ag and Ag/2, respectively. 
[0186] When a slot was fornrted in a position corresponding to an antinode (a portion where the intensity is a max- 
imum) of the current density, sinusoidal irradiation as shown in Rg. 32A was obtained. 

45 [0187] In contrast when a slot was formed as it was shifted Ag/4, a starxfing-wave intensity distritxjtion as shown 
in Rg. 328 was obtained. 

[0188] Accorcfingly, the intensity distribution of a mic:rowave emitted from the slot by th^ excitation is given as 
shown in Rg. 32C. indicating irradiation with higher uniformity than in Rg. 32A. 

[0189] Note tiiat tiiis radiation characteristic is the characteristic of a slot alone in tiie absence of a plasma. Since 
50 a plasma is present in practice, more uniform excitation can t>e expected because there is propagation in a sheatti por- 
tion and the tike. 

[0190] As descrik>ed atxTve, the exdmer laser osc:illator according to this embcxJiment employs a slot anray struc^re 
and yet realizes plasma excitation uniform as a wfx)le over the lengtti of each individual slot and allows uniform laser 
emission with minimum energy loss. 
55 [0191] In the frfth emtxxJiment as desc;rfoed atxive. although a slot array structure is used, it is |X)ssit)le to realize 
plasnre excitation uniform as a whole over the l^gth of each incfividual slot and emit uniform a laser k>eam with mini- 
mum energy loss. 
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(Sbcth Embodiment) 

[0192] The sixth embodiment will be descrS>ed next The arrangement of a laser oscillating apparatus according to 
the sixth embodiment is the same as the second enrtbodiment (Fig. 14), and the structure of its waveguide is also iden- 
5 tical with the fifth embodiment (Figs. 33 A and 33B). So. their illustration and description will be omitted. 

[OldS] Fig. 34A shows a section near a laser tube 2 of a waveguide 1 in the sixth embodiment That is, Rg. 34A 
shows a section in a direction perpendicular to the longitudinal direction of a slot 10. 

[0194] As desaibed earlier, a miaowave radiated from the slot 10 excites a laser gas in the laser tube 2 to emit a 
plasma 311. 

10 [0195] In this sixth emkxxiiment. a mesh shield 313 is so formed as to surround a predetermined region over the 
slot 10. This mesh shield 313 is made of a metal mesh and has a function of preventing diffusion of a microwave enrtitted 
from the slot 10. 

[0196] A laser gas flow path is formed over the slot 10. Since the mesh shield 313 is used, a laser gas flowing in 
the laser tube 2 can reach a portion above the slot 1 0 through this mesh shield 31 3. 
75 [0197] Rg. 34B shows a structure in which a metal wall 315^ additionally formed on the mesh shield 31 3 shown 
in Rg. 34A. Since no laser gas flows upward from the slot 1 0, a microwave can be confined twoce reliably by the forma- 
tion of this metal wall 315. 

[0198] A microwave reduces its energy by 1/e?(= 0. 135) times as it progresses by skin depth 5 in a plasma in a 
cutoff mode. Therefore, when a plasma cuts off a microwave, a region where effective plasma excitation is possible is 
20 a space of about 35 at the enmssion end if propagation in a sheath region is negligible. If a plasnna exists in another 
region, this existing plasma is a plasma generated by diffusion. 
[0199] Aocordingly.-when a plasma is Gonfi.ned in a space of ate 

a plasma is generated in the whole space is realized. In the structures shown in Figs. 34A and 34B, by setting the mesh 
shield 31 3 at a d^tance of 5 to 35 from the emission ends of ttie slot 1 0, a plasnna can be excited in the whole area in 
25 the mesh shield 313. 

[0200] When a microwave diffuses in the sheatii region, the density at which energy is supplied to a plasma lowers. 
As a countermeasure for preventing this, microwave confinement by the mesh shield 313 is effective. 
[0201] tetting Ac t>e the cutoff wavelength of the basic structure of a shield and X be the wavelength of a microwave 
leaking from the sheath regfon, invasion length &s to the shield is given by 



A ratio p of tiie energy of a microwave entering the shiekJ to the energy of a micrcwave leaking outside the shield is 



where d is the thickness of tiie shield. Accorcfingly, the basic structure Xc of the shiekj is determined, so when the shield 
radiation ratio p is determined a mininrum value of d necessary for that can be cafoulated. Therefore, the lower limit of 
45 a necessary shiekJ thickness can be calculated. The shield effect can be simply obtained by using a diameter of below 
1/4 the wavelength in the waveguide. 

[0202] As an example, when a mesh having a shield thickness of 1 mm is used and energy leakage of an electro- 
magnetic wave to the outside is set to 1% or less, a necessary maximum penetration lengtii to tiie shieU is 0.43 mm. 
When the basic unit of a mesh is a rectangle and its peripheral length is a, Ac = 2a When this is the case, a must be 
50 1.4 mm or less. 

[0203] The structure of th^ embodiment can prevent ttie diffusion of a microwave propagating in the sheath in a 
plasma generated by a microwave emitted from tiie slot 10. Therefore, a plasma can be generated inside ttie mesh 
shiekJ 313. 

[0204] A plasma diffusing inside the mesh shiekJ 313 acts as an internal axis of a coaxial waveguide, and oonse- 
55 quentiy a portion where tiie plasma diffuses (the diffusion length of the plasma) operates as the coaxial waveguide. 
Hence, a miaowave switches to a TEM mode and easily propagates. 

[0205] This propagation occurs in the sheath region where the penetration length to the plasma is titil negligit)le 
with respect to the sheath tiiickness. Since loss due to the propagation is large, the propagation attenuates witiiin a 
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short distance. However, this propagation sometimes still suffers a problem when confinement is performed. 
[0206] That is, a miaowave also propagates the diffusion length of the plasma in adcfition to the miaowave cutoff 
length 6s of the shield. Hence, the shield length must be set to be equal to or larger than the cutoff length of a microwave 
alone + the diffusion length of a plasma. 
5 [0207] Letting S be the surface area of a shield for performing confinement, a be the aperture ratio, P be the oper- 
ating pressure, and k be the structure factor, conductance C (the ease with which a gas flows) of a gas passing through 
the shield is. in the case of a v^us fluid, given by 

Accordingly, when the operating pressure arxi the shield structure are determined, the upper limit of the shield thick- 
ness can be calculated. 

75 [0208] The shiekJ length and conductarx^e necessary to cut off a micrcwave are contrary to each other with respect 
to a and d. Therefore, optimum values of these shieU length and conductance can be defined from a and d. 
[0209] The material of the shield desirably has a fow resistivity to reduce loss of a miaowave. Alsa the thermal 
resistance of the material is desirably low because the shield ^ In contact with a plasma and hence is at high temper- 
ature. Furthermore, the material surface can be subjected to the fluorine passivation process or covered with a f luorine- 

20 based compound. 

[021 0] In the sixth emt)odiment as described atxve. the mesh shiekJ 31 3 is so formed as to cover a portion above 

the slot 10. This prevents-latera! d^fteion of a-plasma through-the sheath-f^ The use 

of this mesh shield 313 can also realize more uniform discharge by avoiding electric field concentration in a plasma. 

25 (Seventh Embodiment) 

[021 1 ] The seventh embodiment of the present invention will be described below with reference to the accompany- 
ing drawings 

[021 2] Rg. 35A is a perspective view showing a shielding structure for confining a plasma excited over a slot 1 0 into 
30 a predetermined region according to the seventh embodiment. Note that the overall arrangement of an excimer laser 
oscillator according to the seventh embodiment is the sanre as the sixth embodiment, so a detailed description thereof 
will be onfiitted. Note also that in the drawings for explaining the seventh embodiment the same reference numerals as 
in the sixth embodiment denote substantially the same parts, and a detailed description thereof will be omitted. 
[0213] As shown in Rgs. 35A and 35B, in a laser tube 2, nozzle shields 314 are formed akxive the slot 10 formed 
35 in a waveguide 1 . Rg. 35A is a plan view showing the nozzle shields 314 from atx)ve the slot 1 0. Rg. 356 is a perspec- 
tive view of the nozzle shields 314. 

[0214] As shewn in Rgs. 35A arx) 35B, each nozzle shieki 314 is composed of a plurality of cylindrical nozzles 
31 4a. The interior of each nozzle 31 4a is a laser gas passage. The arrows shown in Rg. 35A indicate the flow of a laser 
gas. A laser gas flows tiirough each nozzle 31 4a in a direction perpendicular to the longitudinal direction of the slot 1 0. 

40 and Is excited by a microwave emitted from the slot 10. 

[0215] This nozzle shieki 314 has a property of preventing a microwave from passing through an opening smaller 
than a predetermined size. Ttet Is, by anBying a plurality of nozzles 314a each having an opening of a predetermined 
size corresponding to the frequency of a miaowave to be emitted, th^ microwave can be spatially confined as in the 
case of a metal wall or the nnesh shield explained in the sixtti embodiment 

45 [0216] Since the nozzle shiekls 314 are arranged afong tiie laser gas flow, the laser gas flow is not interfered with. 
Therefore, when ultra-high-speed gas replacement is periormed. few resistarx^e is easily generated in the laser gas 
flow, so tiie production of pressure foss can be prevented. 

[0217] In the seventh entxxiiment a plasma arxJ a microwave can be confined wore effectively than when the 
mesh shiekJ is used. This is so because when the mesh shiekJ Is i^ed, a miaowave alone can be confined but the effect 
50 of confinement has its limits if a plasma diffuses arxJ Invades the mesh structure. 

[0218] Rg. 36A is a schematic view showing a section along the direction of the gas flow shown In Rg. 35A. The 
nozzle shiekis 314 can prevent the lateral diffi^n of a miaowave and a plasma from the slot 10 arxJ can thereby con- 
fine an excited plasma in a predetemnined range over the sfot 10. 

[0219] Rg. 36B shows a structure in which a metal wall 315 is formed above the slot 10 in order to prevent the 
55 upward cfiffusion of a microwave and a plasma. This metal wall 315 can prevent not only the lateral cfiffusion but also 
the upward diffusfon of a miaowave and a plasma from the slot 10. Consequentiy, a plasma can be confined within a 
predetermined distance from the opening edges of tiie slot 10. 

[0220] A practical structure of the nozzle shiekJ 314 will t>e descrbed t)elow. Assunte tf^ a 20-mm long nozzle ts 
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used and the leakage of an lectromagnetic wave to the outside is 1% or less. A maximum invasion length to the shield 
required in this case is 8.7 mm. 

[0221 ] When the basic unit of the mesh is a rectangle and the length of its long skie is a, Ac = 2a. When this is the 
case, a must be 30 mm or less. Therefore, the spacing between the nozzles is 25 mm or less. I.e., a considerably wide 
5 margin can be set 

[0222] As an example, when the nozzle wall spacing is set to 20 mm. the leakage of 2.45-GHz mircrowave to the 
outside can be held at 1 % or less even if a plasma diffuses by about 4.5 mm. TTiis structure also has the advantage that 
a large corxluctance can be obtained. This is effective when a high-speed gas is to be supplied. 
[0223] For example, the nozzle conductance of a nozzle having a 20 mm x 2 mm basic structure 20 mm long is 3.3 

10 times as high as tiiat of a mesh having a 1 -mm thick square basic structure of 1 mm side for the same sectional area, 
although the thickness (length) is 20 times (assuming that the thicknesses of the mesh arKj the nozzle wall are 1 mm. 
the aperture ratios of the mesh and the nozzle are 25% and 91%. respectively). That is. the use of the nozzle structure 
extremely improves the ease wrtti which gasses flow. In addition, turbulence often occurs in actual gas flows. To avoid 
tiiis turbulence, the structure spacing is desirably as large as possS^le. 

15 [0224] In the seventh embodiment as described above, a plurality of nozzles 31 4a each having an opening through 
which no a microwave can pass are arrayed to form the nozzle shield 314. Hence, a generated plasma can be confined 
in a predetermined region. Additionally, since a laser gas is allowed to flow through each nozzle 314a, few resistance 
is generated in the gas flow even though the shield structure is formed. This can minimize the production of pressure 
loss. 

20 

(Eighth Embodiment) 

[0225] The eighth emtxxliment will be descrft>ed below with reference to the accompanying drawings. Rgs. 37A 
arxl 37B are schematic views showing the structures of magnetic shields accorcfing to the eighth embocfiment Rgs. 

25 38A and 38B and Fig. 39 are schematic views showing sections along a direction perpendicular to the longitudinal 
direction of a slot 10. Note that the overall arrangement of an excimer laser oscillator according to the eighth embodi- 
ment is identical wrtii the sixth embodiment so a detailed description thereof will be omitted. Nc/te also that in the draw- 
ings for explaining the eighth embodiment, the same reference numerals as in the sixth embodiment denote 
substantially the same parts, arxl a detailed description thereof will be omitted. 

30 [0226] In the eighth embodiment, a magnetic field is used to confine a plasn^ excited over the slot 1 0 into a prede- 
termined range. This magnetic field can be formed by using a solenoid as shown in Rg. 37A or by arranging general 
magnets as shown in Rg. 37B. 

[0227] Rg. 37A shows an example using a solenoid 31 6 to form a magnetic field. As shown in Fig. 37. this solenoid 
316 is placed such that the extending direction of the solenoid 316 is the same as the laser oscillation direction. That 
35 is. the longitudinal direction of a waveguide 1 and the slot 10 shown in Rgs. 33 A arxi 33B and the exterxJing direction 
of the solenoid 316 are the same. 

[0228] The field intensity is determined so that the Lannor period of an electron in the magnetic field is shorter than 
the collision period of an electron bd6 an atom in a plasma (magnetic-field plasma condition). Letting B be a flux density, 
m be tiie n^ss of an electron, and e be elementary charge, the LarnrK>r angular velocity of an electron is given by 

40 

_ eB 



45 [0229] Letting n be an atomic density, r be an atomic radius. T k)e an electron temperature, and k be a Boltzmann 
coefficient the collision angular velocity of an electron and an atom is given by 

so 

[0230] From these equations, the flux density mi^ be about 1 Torr or tnore when the operating pressure of an exci- 
mer laser and the like are taken into consideration. 

[0231] When an intense magnetic fiekj is applied by the solenoid 316. plasma electrons precess along tiie fornted 
55 magnetic flux. Since the nrtagnetic flux is formed in the same direction as the laser oscillation direction, the electrons do 
not easily diffuse in a direction perpervlicular to the laser oscillation direction. This realizes plasma confinement The 
same effect can be obtained when a magnetic f iekj is formed using magnets 31 7 shown in Rg. 37B. 
[0232] Rg. 38A is a schematic sectional view showing the arrangement of the solenoid 316 or the magnets 317 
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around the slot 10. To confine a plasnia above the slot 10. rt is desirable to place the nnagnets 317 in. e.g.. four positions 
so as to sun-ound a portion above the slot 10. In this manner, a plasnna generated can be confined above the slot 1 0. 
[0233] Fig. 38B shows an exanrple in which a metal wall 315 is formed above the slot 10. This metal wall 315 pre- 
vents the upward diffusion of a plasma from the slot 10. Also, the solenoid 316 or the magnets 317 prevent the lateral 

5 diffusion of a plasma from the slot 1 0. 

[0234] Rg. 39 shows a structure in which nozzi shields 314 are added to the structure shown In Rg. 38B. In this 
structure, the lateral diffusion of a plasma from the slot 10 can be prevented by the combined effect of the solenoid 316 
or the magnets 31 7 and the nozzle shields 314. In the eighth embodiment as described above, to enhance the micro- 
wave confining effect, it is desirable to use the shielding structure according to the sixth or seventh emtxxiiment jointly. 

10 [0235] As descrifc>ed above, in the eighth embocfiment a magnetic flux is formed in the same direction as the laser 
oscillation direction. This prevents electrons in plasma from cfiffusing in a direction perperxlicular to the laser oscillation 
direction. Consequently, plasma confinement atxjve the slot 10 can be realized. 

[0236] In the sixth to eighth embodiments as described above, the diffusion of a plasma from above each individual 
slot to the outside of a predetermined range can be prevented. Accordingly, it is possible to provide a laser oscillating 
15 apparatus capak)le of uniform laser em^on with minimum energy loss, a high-perfornnarK^e exposure apparatus 
including this laser osdilating apparatus, and a high-quality device fat}rication method using this exposure apparatus. 

(Ninth Embodiment) 

20 [0237] The ninth embodiment will be descnl>ed next The anrangement of a laser oscillating apparatus according to 
the ninth embodiment is identical with the second embodiment (Rg. 14). and the structure of its waveguide fs also Iden- 
tica! with the f rfth embodiment (f^gs. 33A and 33B). Therefore, their-inustration and descriptjon will be omitt^ 
[0238] Rg. 40 shows a section near a laser tube 2 of a waveguide 1 according to the ninth embocfiment This sec- 
tion shewn Rg. 40 is in a direction perpendicular to the longitudinal direction of a slot 10. 

25 [0239] A microwave is radiated from the slot 1 0 formed in the waveguide 1 to generate a plasma above the slot 1 0. 
A sheath is formed between this plasma and the opening edges of the slot 1 0. In this embodiment the diameter (width) 
of the slot 10 is set to a value (10 to 100 \im) equal to or smaller than the sheath thickness in order to allow uniform 
propagation of a microwave. Therefore, it is possible to prevent the lateral propagation of a miaowave from the slot 10 
and generate a plasma only in a portion above the slot 10. The dimension of the extension of a plasma over the slot 10 

30 is preferably 1/1 0 or less of the laser beam diameter, since the influence on laser oscillation is little in this case. 

[0240] In the ninth emtxxiiment of the present invention as descrit)ed atx>ve. the width of the slot 1 0 is made smaller 
than the wavdength of a nYicrowave. This prevents a plasma from diffusing laterally from over the slot 10 through a 
sheath. 

35 (10th Embodiment) 

[0241] The 10th embocfiment of the present invention will be desaibed below with reference to the accomparrying 
drawings. In this 10th enrttxxiiment. a slot 10 is constructed of a plurality of slits 41 1 . Note that the overall anrangement 
of an exdmer laser oscillator according to the 10th embodiment is the same as the ninth embodiment, so a detailed 
40 desaiption thereof will be onrttted. Note also that in the drawings for explaining the 10th embodiment the same refer- 
ence numerals as in the ninth embodinrtent denote sut)stantially the same parts, and a detailed description thereof will 
t>e omitted. 

[0242] As explained in the ninth embodiment when the width of the slot 10 is made very small, smaller than the 
wavelength of a microwave, the slot 10 is narrow in its short-side direction, so it is assumed tfiat no enough aperture 
45 ratio can be obtained and the emission efficiency decreases. In this 10th embodiment to prevent this, a plurality of slits 
41 1 are anranged in parallel to form the slot 10. thereby increasing the emission efficiency. This is the difference from 
the ninth emtxxiiment. 

[0243] Rg. 41 is a plan view of a waveguide 1 in which the slot 10 composed of a plurality of slits 411 is formed. 
Rg. 42 is a schematic view showing a section in a direction perpendicular to the longitudinal direction of the slits 41 1 . 
50 [0244] As described at>ove. by arrangirYg a plurality of very narrow slits 411 in parallel, it is possble to obtain a 
desired aperture ratio and uniformly generate a plasma over the slot 10 in which these slits 41 1 are arranged in parallel. 
[0245] Rg. 43 shows an example in which when slits 41 1 are arranged in parallel, slits 41 la in the erxi portions are 
made narrower than central slits 411. 

[0246] When metal walls 415 are formed in the short-side direction of the opening edges of the slot 10 (slits 41 1) 
55 in order to prevent the diffusion of a plasma generated in the short-side direction of the slits 41 1 . larger anwunts of a 
plasma are generated in positions along these metal walls 415. This sometimes poses a problem of securing the uni- 
formity of a plasma. As shown in Rg. 43. when the width in the short-side direction of the slits 41 1 in the end portions 
are made smaller than the width in the short-side direction of the central slits 41 1 . the radiation intensity of a microwave 
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radiated from these slits 41 1 can be decreased. Acoordingty, a plasma generated over the slot 10 can be unifbrmized 
as a whole. 

[0247] As shown in Rg. 44. it is also possble by decreasir^ the length of slits 41 1b in the end portions to sifspress 
the generation of a plasma in the vicinities of the metal walls 415 and realize uniform plasma generation over the slot 
5 10. Note that a similar effect can naturally be obtained by a structure equivalent for microwaves, to the metal walls, i.a. 
byastructur capable of confining microwaves. 

[0248] In the 10th embodiment as described above, the very narrow slits 41 la are arranged in parallel. Jh\s makes 
it poss^e to increase the emission efficiency of a miaowave and uniformly generate a plasma over the slot 10. 
[0249] In the ninth arvJ 10th embodiments as described above, the diffusion of a plasma from over each irxlividual 
10 slot to the outside of a predetermined range can be prevented. Accordingly, it is possible to provide a laser oscillating 
apparatus capat)le of uniform laser emission with minimum energy loss, a high-performance exposure apparatus 
including this laser oscillating apparatus, and a high-quality device fabrication method usir^g this exposure apparatus. 

(11th Embodiment) 

75 

[0250] Rg. 45 ^ a schematic view showing the major components of an exdmer laser oscillator according to the 
1 1th emtxxliment of the present invention. 

[0251] As shown in Rg. 45, this exdmer laser osdilator comprises a laser tut>e 2. a pair of waveguides la arxi lb, 
and a cooling vessel 7. The laser tube 2 emits a laser beam by rescmating light emission caused t>y excitation of an exd- 
20 mer laser gas. The waveguides 1 a arxl lb excite the exdmer laser gas in the laser tube 2 into a plasma. The cooling 
vessel 7 has cooling water inlet/outiet ports 9 for cooling the waveguides 1a and Ibi 

[0^] The exdmer laser gas as a material fbrgenerating a/i axdmer laser bea.m Is at least one inert gas se!^ 
from Kr, Ar, and Ne. or a gas mixture of at least one inert gas described above arxJ gas. Hiese gases can be appro- 
priately selected arxJ used in accordance with the wavelength of interest. For example. Kr/Ne/F^ ^ used when laser 

25 beam with a wavelength of 248 nm is to t>e generated; Ar/Ne/F^ is used when a laser beam with a wavelength of 1 33 
nm is to be generated; and Ne/F^ is used when a laser t>eam with a wavelength of 157 nm is to be generated. 
[0253] The laser tube 2 has laser gas inlet/output ports 8 through which the exdmer laser gas is introduced into the 
tub . arxJ reflecting structures 5 and 6 at the two erxi portions. These reflecting structures 5 and 6 equalize the phases 
of light t>y plasma discharge and generate a laser beam. 

30 [0254] The waveguides 1 a and 1 b are means for supplying a microwave to the laser gas in a gas supply passage 
structure 1 1 . A plurality of long and narrow gaps (slots) 10 are formed In the Internal surtece. When a microwave with 
a frequency of a few hurxired MHz to several tens of GHz is introduced from the upper portions of the waveguides 1 a 
and lb shown in Rg. 1 , this microwave propagates in the waveguides la and lb arxl is emitted from the slots 10 to tiie 
outside of the waveguides la and Ibi The emitted microwave is introduced into tiie laser tube 2 through a window 15 

35 formed In tftis laser tube 2. The miaowave thus irrtroduced excites the exdmer laser gas in tiie laser tut>e 2. tiiereby 
generating an exdmer laser beam by resonance. 

[0255] In this 1 1th ^nbodiment. as shown in Fig. 46, the formation surface of the slots 10 is the short end face of 
each of the waveguides la and Ibi i.e.. the E plana Also, these slots 10 are formed in a line at equal intervals in the 
longitudinal direction. 

40 [0256] In the 1 1th embocfiment the waveguides la and lb as described above are so formed as to vertically sand- 
wich the laser tube 2. These waveguides la and lb are arranged such that the slots 10 corresponding to each other 
t>etween the opposing slot formation surfaces are shifted a predetermined distance relative to each other (spatial shift; 
to be sinrply expressed as "shift** in tiie following tables). Furthernwre, a phase adjusting shifter is used to shift the 
phases of microwaves supplied Into the waveguides la and lb relative to each other (phase shift; to be expressed as 

45 "shifter" in tiie following tables). 

[0257] Rg. 47 is a graph showing the standing waves of miaowaves in the waveguides la arxl lb when the slots 
1 0 are normally opposed (with no spatial shift and no phase shift), when the slots 1 0 are shifted a distance of Ag/4 (Xg: 
waveguide wavelengtii), when the slots 10 are shifted a distance of Xg/4 and the phases are shifted by Xg/4. when the 
slots 10 are shifted a distance of Xg/2. and when the slots 1 0 are shifted a distance of Ag/2 and the phases are shifted 

50 byXg/a. 

[0258] Calculations for deriving tiie phase relationship between the standing waves in each case will k>e repre- 
sented by the following equations. 

[0259] Assuming that an incident wave passing through the phase adjusting shifter arxj shifted In phase by 8 ^ 
55 exp(i(o)t - pz + 8 - k/2)) 

a reflected wave is 
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exp(i(cDt + pz + 0 + 7c/2 - 2pd)) 

by taking account of a path length difference 2d produced because the waveguide end nnoves a distance d and ph^e 
inversion due to reflection at the waveguide end. Accordingly, assuming there is no attenuation, the stancfing wave gen- 
erated is 

2exp(i(a)t -I- e - pd))sin(pz - pd) 
for (D = 2nfT and p = 2n/Xg . When d = 0 and 9 = 0 (normal slot) 

2exp(ia)t)sinpz 

When d = Xg/4 and e = 0 (Ag/4 shift) 

2expOQ>(t - T/4)]sinp(z - Xg/4) 
When d = Xg/4 and 6 = n/2 (Ag/4 shift + Xg/4 shifter) 

2exp(ia)t)sinp(z - A.g/4) 

When d = Xg/2 and e = 0 (Xg/S shift) 

2expOo>(t - T/2)]sinp(z - Xg/2) 
When d = XQf2 and e = te (Xg/2 shift + Xg/2 shifter) 

2exp(io)t)sinp(z - Xg/2) 

[0260] From these relationships, the intensity * phase relationship between the standing waves ^ obtained. 
[0261] When a waveguide in which the slots 10 are formed in the E plane at a pitch of Xg/2 \s used, miaowaves 
emitted from adjacent slots are in opposite phases, so a space in which microwaves do not oscillate is formed between 
these slots. When a waveguide in which the slots 1 0 are formed in the E plane at a pitch of Xg is used, miaowaves emit- 
ted from adjacent slots are in phase with each other and hence do not cancel out each other. However, the untfonrtity 
in the slot longitudinal direction decreases because the slot interval is twice tiiat when the pitch is Xg/2. 
[0262] In this emkxxfiment a laser oscillating apparatus is so constructed that predetermined space shift and pre- 
determined phase shift are performed by using a pair of waveguides having a pitch of Xg. thereby complementing the 
microwave emission characteristics of the waveguides la arxl lb described above. 

[0263] A case in which the waveguides 1a and lb are normally opposed with not space shift arxJ no phase shift, a 
case In which the waveguides 1a and lb are spatially shifted relative to each other, and a case in which both space shift 
arxJ phase shift are performed will be described belcw for each of the pitches Xg/2 and Xg of the slots 10 of the 
waveguides la and lb. 

[0264] Rrst. an example of the normal opposing arrangement is shown in Table 2 (pitch Xg^) arxJ Table 3 (pitch 
Xg). In Tables 2 arxl 3. the dtetrft)ution in the laser resonance direction of a microwave in the upper waveguide la and 
the distrSxition of a microwave in the lower waveguide lb are indicated in upper and lower cells for each time. The + 
and - signs indicate the polarity in an antinode of the standing wave of a microwave. Hatched portions in each tattle indi- 
cate the slots 10 actually fbnmed in the upper arxl lower waveguides la and lb. Note that hatched portions in Tables 4 
to 11 (tobedescrit>ed later) have the same meaning as in Tables2 and 3. 
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Table 2 



Normal slots (pitch Ag/2) 




-5/4 -1 -3/4 -1/2 -1/4 




1/2 



None 



None 



None 



None 



None 



None 



None 



None 



None 



None 



Table 3 



Normal slots (pitch Ag/2) 




+0 



+1/4 



+1/2 



+3/4 



-3/2 



-5/4 



-1 



-3/4 



-1/2 



0 



-1/4 



1/4 



None 



None 



None 



None 



None 



None 



None 



None 



1/2 



None 



None 



None 



None 



None 



None 



None 



None 
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[Q265] Each of the waveguides 1 a and 1 b has the aforementioned properties, and Identical standing waves ex^ in 
the upper arxl lower portions. Therefore, the intensity of a microwave increases. In Table 2, however, the polarity inverts 
in a z direction for each Ag^, arxJ cancellation necessarily occurs in a middle portion between slots. Hence, the uni- 
forntity of the wavefront as a whole is not so high. 
5 [0266] In Table 3. the ph^es are the same in the z direction. However, since the pitch is Xg/2, the uniformity is of a 
problem although no cancellation takes place. 

[0267] A case in which space shift and phase shift are performed will be desaibed below. Fig. 48 is a schematic 

view shewing the vicinities of the waveguides 1a and 1b when these shift operations are performed. 

[0268] In Fig. 48. reference numeral 312 denotes a miacwave source connected to both of the waveguides 1 a and 

10 lb; and 313. tuners respectively connected to the waveguides la and lb. These tuners 313 are. e.g.. 3-^ab tuners. E- 
H tuners or 4E tumers and have a function of minimizing reflections from the waveguides 1 a and 1 b to the a micrcwave 
source 312. Reference numerals 314 denotes a phase adjusting shifter for shifting the phases of micrcwaves supplied 
into the waveguides la and lb relative to each other. This phase shifter 314 is connected to one of the waveguides la 
arxl 1b^ in this embodiment to the waveguide la. 

75 [0269] A case in which Ag/4 space shift is performed at a pitch of Ag/2 is shown in Table 4, and a case in which Xg/4 
space shift and Ag/4 phase shift are performed at the same pitch is shown in Table 5. Rg. 49A shows these cases (Rg. 
49A is an enlarged view of the waveguides la and lb in Rg. 48). Also, a case in which XQf2 space shift is performed \s 
shown in Table 6. and a case in which Ag/2 space shift and phase shift are performed is shown in Table 7. 

^ Table 4 



Ag/4 shift slots 





-3/2 


-5/4 


-1 


-3/4 


-1/2 


-1/4 


0 


1/4 


1/2 


+0 


0 


■ 


0 


■ 


0 




0 




None 




0 




0 






■ 


None 


None 


+1/4 






0 




0 


m 


0 




None 


■ 


0 


■ 


0 


■ 


0 


■ 


None 


None 


+1/2 


0 




0 




0 




0 


■ 


None 




0 






■ 


0 


■ 


None 


None 


+3/4 






0 


m 


0 


■ 






None 




0 




0 


m 


0 




None 


None 



45 



50 



55 
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Table 5 



Ag/4 shift + Ag/4 shifter slots 



X 


-3/2 


-5/4 


-1 


-3/4 


-1/2 


1 / it 

-1/4 


0 


1/4 


1/2 


+0 


0 


mm. 


0 




0 








None 




0 




0 




0 


mm 


None 


None 


+1/4 


0 




0 




0 




0 




None 




0 




U 








None 


None 


+1/2 


0 




0 




0 






■ 


None 


■ 


0 




0 




0 




None 


None 


+3/4 


0 


■ 


0 




0 


■ 


0 


■ 


None 




0 




0 




0 




None 


None 



Table 6 



Ag/2 shift slots 
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Table 7 



Ag/2 shift + Ag/2 shifter slots 




[0270] When Ag/4 space shift is performed, the phase relationship between the upper and lower slots 1 0 is shifted 
by nf2, the plasma excitation has a double period. When X Qf2 space shift is performed, the plasma excitation has only 
one period, so the problem of the dout)le period is avoided. However, suffident intensity is usually difficult to obtain 
35 owing to the aforementioned properties of the pitch Xg/2 that adjacent slots 1 0 in the waveguides 1 a and 1 b have oppo- 
site phases. 

[0271] A case in which Xg/4 space shift is performed at a pitch of Ag is shown in Table 8, arxJ a case in which Xg/4 
space shift and Ag/4 ph^e shift are performed at the same pitch is shown in Table 9. Also, a case in which Xg/2 space 
shift is performed is shown in Table 10, and a case in which Xg/2 space shift and Ag/2 phase shift are performed is 
40 shown in Table 1 1 . Fig. 49B shows these cases (Rg. 49B is an enlarged view of the waveguides 1 a and lb in Fig. 48). 
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Table 8 

Ag/4 shift slots 



\ 


-3/2 


-5/4 


-1 


-3/4 


-1/2 


-1/4 


0 




1/4 


1/2 


+0 


0 


0 


0 


mm. 


0 


0 




mm, 


None 




0 




0 




0 




None 


None 


+1/4 


0 




0 




0 




0 




None 


0 


0 




0 


0 


0 


mm 


None 


None 


+1/2 


0 


0 


0 


■ 


0 


0 


0 




None 


+ 


0 




0 


+ 


0 




None 


None 


+3/4 


0 


+ 






0 


+ 






None 


0 


0 




0 


0 


0 


■ 


None 


None 



Table 9 

Ag/4 shift slots + Ag/4 shifter slots 





-3/2 


-5/4 


-1 


-3/4 


-1/2 


-1/4 


0 


1/4 


1/2 


+0 


0 






■ 


0 






■ 


None 




0 


■ 


0 




0 


■ 


None 


None 


+1/4 


0 


0 


0 


■ 


0 


0 






None 


0 


0 




0 


0 


0 


■ 


None 


None 


+1/2 


0 


+ 


0 




0 


+ 


0 


^^^^ 


None 


+ 


0 




0 


+ 


0 




None 


None 


+3/4 


0 


0 


0 




0 


0 






None 


0 


0 


Wm 


0 


0 


0 




None 


None 



28 



EP1026 796 A2 



Table 10 



Ag/2 shift slots 
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[0272] When Xg/4 space shift is performed, the plasma excitation has a doutsle period as described previously. 
However, when the polarity of one of upper and lower corresponding slots 10 is + or - (when plasma is excited), the 
other polarity is 0 (no plasma ts excited). Additionally, adjacent slots 10 In the waveguides la and 1b are in phase with 
5 each other. Accordingly, although there is a slight problem in the uniformity of light emission over the length of the 
waveguides 1a and lb, emission uniformity to some extent can be expected. 

[0273] Also^ when Xg(4 space shift and Ag/4 phase shift are performed, the problem of the double period of light 
emission is avoided as described above. Additionally, adjacent slots 10 in the waveguides la arxj lb are in phase with 
each other. Accordingly, although there is a slight problem in the unifonmity of light enrtission over the length of the 
10 waveguides 1 a and 1 b. emission uniformity to some extent can be expected. 

[0274] When space shift is performed, adjacent slots 10 in the waveguides la and lb are in phase with each 
other. Howe/er. the upper arxj lower slots 10 have alternate polarities over the length of the waveguides la and 1b. so 
these upper arvi lower slots 10 may cancel out each other. 

[0275] When Ag/2 space shift and XgA2 phase shift are performed, the problem of the double period of plasma exd- 
75 tation is avoided as descrit)ed akxive. Additionally, not only adjacent slots 1 0 in the waveguides 1 a and 1 b are in phase 
with each other, but also the upper and lower slots 10 are in phase with each other over the length of the waveguides 
1 a arxj 1 b. Accordingly, all the upper arxj lower slots 1 0 uniformly emit a microwave in phase with each other. This real- 
izes uniform plasma discharge over the length of the laser tut)e 2. 

[0276] As described atx>ve, plasma discharge can be uniformized most optimally when Ag/2 space shift and Xg/2 
20 phase shift are performed at the pitch Xg. Note that as described above, even in other cases, the uniformization of 
plasma discharge can be suitat>ly realized depending on, e.g.. the shape of the waveguide or the properties of a micro- 
wave. 

(Modification) 

25 

[0277] A nrxxirfication of the 11th embodinr>ent will be described below. The same reference numerals as in the 
embodiment denote the same parts, and a detailed description thereof will be omitted. 

[0278] In this emtxxJiment. as shown in Fig. 50, the formation surfece of the slots 10 is the lone end face, i.e., the 
H plane, of each of the waveguides 1 a and 1 b. These slots 1 0 are formed at equal intervals d on the right- arxJ left-harxj 
30 sides at a predetermined pitch (in this nxxMication. a pitch of Ag/2) along the central line in the longitudinal direction of 
the H plane. 

[0279] In this nrxxltficat'on. as shewn in Rg. 51. the pair of waveguides la and lb are so formed as to vertically 
sandwich the laser tUbe 2 such that the corresponding slots 1 0 are positioned on ttre right- and left-hand sides between 
the opposing formation surfaces. Basically, this structure does not require any space shift or phase shift as in the above 
35 embodiPTYent. 

[0280] The arrows in Rg. 51 irxiicate electric currents flowing in the waveguide walls. A microwave exists as a 
standing wave in a propagation space defined by the distance in the longitudinal cfirection of the waveguides 1 a and 1 b. 
Owing to this starxling wave, the currents in the waveguide walls also take the form of a starxiing wave. However, the 
form of the standing wave of a miaowave is three<limensional and conrtplicated. So. it is convenient to consider only 

40 the ^ectric field of a transient progressive wave (or r^lected wave). 

[0281] That is. t>etween the upper and lower corresponding slots 10, the directions of currents flowing in the 
waveguides indicated by the arrows in Rg. 51 are the same (the cfirection incficated by an arrow 100). Also, the current 
directions are the same between adjacent upper and lower, right and left slots 1 0 of the waveguides 1 a arxl 1 b. Accord- 
ingly, microwaves emitted from the slots 1 0 are in phase with each other, so their standing waves do not cancel out each 

45 other. 

[0282] In this modification, therefore, with a simpler arrangement than that of the atKve embodirr>ent microwaves 
are uniformly radiated in phase with each other from the upper arxJ lower slots 10. This realizes uniform plasma dis- 
charge over the ler^ of the laser tUbe 2. 

[0283] As described above, the exdmer laser oscillators of the 1 1th embodiment and its rrxxJification employ a slot 
50 array structure and yet realize uniform electromagnetic wave radiation over the length of a laser tut>e and allow uniform 
laser emission with minimum energy loss. 

[0284] Note that the 1 1 th emkxxfiment is generally based on the assumption that the three<limensional circuit from 
the waveguide resonator end to the micrcwave power sipply is synrtmetrical in terms of a miaowave. If this three- 
dimensional circuit is asymmetrical, phase shift or the like for compensating for this asymmetry is naturally required. 
55 [0285] In the 1 1th embodiment as deserved above, although a skit array structure is used, it is possSile to realize 
uniform electromagnetic wave racfiation over the lengtti of a laser tube and allow uniform laser emission with minimum 
energy loss. 
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(12th Embodiment) 

[0286] The 12th embodimerrt will be descrft>ed below. In this 12th embodiment, an exposure apparatus (stepper) 
having the exdmer laser oscillator described in any of the first to 11 th emtxxliments as a laser source will be explained. 

5 Rg. 52 Is a schematic view showing the main components of this stepper. 

IQ2B7] This stepper comprises an optical system 111. projecting optical sy^em 1 1 2, wafer chuck 1 1 3. and wafer 
stage 1 14. The optical system 1 1 1 irradiates a reticle 101 on which a desired pattern is drawn with illuminating light. 
The projecting optical system 112 receives the illuminating light through the reticle 101 and projects the pattern on the 
reticle 101 onto the surface of a wafer 102 in a reduced scale. The wafer chuck 1 13 mounts and fixes the wafer 102. 

10 The wafer stage 1 1 4 fixes the wafer chuck 1 13. Note that not only a transmission type reticle (reticle 101) shown in Rg. 
52 but also a reflection type reticle can be used as a reticle. 

[0288] The optical system 111 includes an excimer laser oscillator 121 of the first emlxxiimerrt. beam shape con- 
verting means 122, optical integrator 123. stop member 124. condenser lens 125. blind 127. image forming lens 128. 
and reflecting minor 129. The exdmer laser oscillator 121 is a light source for emitting a high-luminance excimer laser 

15 beam as illuminating light The beam shape converting means 122 converts the illuminating light from the light source 
121 into a desired beam shape. The optical integrata 123 is formed t>y two-dimensionally arranging a plurality of cylin- 
drical lenses or microlenses. The step member 1 24 is placed near the position of secondary sources formed tyy tiie opti- 
cal integrator 1 23 and can t>e notched to an artxtrary aperture value by a switching means (not shown). The condenser 
lens 125 condenses the illuminating light passing through tiie stop memt>er 124. The blind 127 is constructed of. e.g.. 

20 four variable blades and placed on tiie conjugate plane of the reticle 101 to detemnine an art>itrary illuminating range on 
tiie surface of the reticle 101 . The image forming lens 128 projects the illuminating light formed into a predetermined 
shape by the blind 127 onto the surface of tiie reticle 101 . The reflecting mirror 29 reflects the lliuminaling light from the 
image forming \ens 128 toward the reticle 101. 

[0289] An operation of projecting the pattern on the reticle 101 onto the surface of the wafer 102 in a reduced scale 

25 by using the stepper constructed as above will be described below. 

[0290] Rrst. the illuminating light emitted from the light source 121 is converted into a predetermined shape by the 
beam shape converting means 122 aitd directed to the optical integrator 123. Consequently, a plurality of secondary 
sources are formed near the exit surface of the optical integrator 123. Illuminating light from these secondary sources 
is condensed by the condenser lens 1 25 via the stop member 1 24 and formed into a predetermined shape by the blind 

30 127. After that, tiie Illuminating light is reflected by the reflecting mirror 129 via the image forming lers 128 and enters 
the reticle 101. Sut>sequently. the Illuminating light enters the projecting optical system 122 tiirough the pattem of the 
reticle 101. As the illuminating light passes through the projecting optical system, the pattern is reduced Into predeter- 
mined dimensions and projected onto the surface of the wafer 102 to expose It 

[0291 ] The stepper of this emkxxilment uses tiie excimer laser oscillator of the first embodiment as a laser source. 
35 Therefore, a high-output arKi uniform excimer laser beam can be emitted for a relatively long time period. This allows 
rapid exposure of the wafer 102 with an accurate exposure amount. 

[0292] Next, a semiconductor device fabrication method using the projecting exposure apparatus explained with 
reference to Rg. 52 will be descra:>ed below. 

[0293] Rg. 53 shows the flow of fabrication steps of semiconductor devices (eg. . semiconductor chips such as ICs 

40 and LSIs. liquid crystal panels, or CCDs). Rrst. In step 1 (circuit design), circuits of semic(»iductor devices are 
designed. In step 2 (mask formation), a mask having the designed drcurt patterns is formed. In step 3 (wafer fabrica- 
tion), wafers are fabricated by using materials such as silicon. Step 4 (wafer process) is called a pre-process in which 
actual drcufts are formed on the wafers by the photolitfiography technique by using the mask and wafers prepared as 
abova Step 5 (assembly) is called a post-process in which semiconductor chips are formed from the wafers formed In 

45 step 4. This process indudes steps such as an assembly step (didng arxi borxiing) and a packaging step (chip encap- 
sulation). In step 6 (testing), tests such as ah operation test and a durability test are conducted on the semiconductor 
devices fakMicated In step 5. The semiconductor devices are completed through these steps arxl shipped (step 7). 
[0294] Rg. 54 shows a detailed flow of the wafer process described above. In step 1 1 (oxidation), the surfaces of 
the wafers are oxidized. In step 12 (CVD). conductive films and insulating films are formed on the wafer surfaces by 

50 using vapor phase reaction. In step 13 (PVD). conductive films and Insulating films are formed on the wafers by sput- 
tering or vapor deposition. In step 14 (Ion Implantation), ions are implanted Into tiie wafers. In step 15 (resist process- 
ing), the wafers are coated with a photosensitive agent. In step 16 (exposure), the projecting exposure apparatus 
explained above is used to expose the wafers to the drcuit patterns of the mask. In step 1 7 (development) . tfte exposed 
wafers are developed. In step 18 (etching), portions except for the developed resist Image are etched away In step 19 

55 (resist renxTvaO. the unnecessary resist after the etching is renxjved. Multiple drcurt patterns are formed on the wafers 
bf repeating these steps. 

[0295] This fabrication method can easily and reliably faknicate. with high yield, highly Integrated semiconductor 
devices which are conventionally difficult to fabricate. 
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[0296] As many apparentiy widely different embodiments of the present invention can be made without d^F>arting 
from the spirit and scope thereof, it is to be understood that the invention is not limited to the specific embodiments 
thereof except as defined in the appended claims. 

5 dain^ 

1 . A laser oscillating apparatus for generating a laser beam by introducing an electromagnetic wave into a laser tube 
filled with a laser gas through a plurality of slots formed in a waveguide wall, characterized by comprisirrg uniformiz- 
ing means for uniformizing an intensity distribution of said electromagnetic wave in an excitation region of said laser 

10 gas- 

2. A laser oscillating apparatus for generating a laser beam by introdudng an electromagnetic wave into a laser tube 
filled with a laser gas through a plurality of slots formed in a waveguide wall, characterized by comprising uniformiz- 
ing means for unifonrrdzing an intensity distribution of laser emission in an excitation region of said laser gas. 

15 

3. A laser oscillating apparatus for generating a laser beam by introdudng an electromagnetic wave into a laser tut>e 
filled with a laser gas through a plurality of slots formed in a waveguide wall, characterized by comprising uniformiz- 
ing means for uniformizing a density disbitxition of a plasma in an excitation region of said laser gas. 

20 4. The apparatus according to claim 1 , characterized in that said uniformizing means is formed such that said slots 
are spaced apart from a wall of said laser tube by a predetermined distance and an electromagnetic wave passage 
is formed in a portion spadng said slots apart.from.said-laser tube and connects said s!o*s 
that electromagnetic waves introduced from said plurality of slots can communicate with each other. 

25 5. The apparatus acconfng to daim 4. characterized in that the distance from said slots to said laser tut>e wall is an 
integral multiple of the half-wave length of an electromagnetic wave introduced from said waveguide. 

6. The apparatus according to daim 4. characterized in that an electromagnetic wave introduced from said waveguide 
is a microwave. 

30 

7. The appsiratus according to daim 4, characterized in that said passage is made from a conductor. 

a The apparatus according to claim 7, characterized in that in at least a portion where said passage is in contact with 
said laser tut>e, said passage forms an air gap having an opening with a predetemnined width over the length of 
35 said laser tube. 

9. The apparatus accorcfing to daim 8, characterized in that said air gap is f Died with a cfielectric member. 

10. The apparatus according to daim 9, characterized in that said dielectric member comprises a plurality of cfielectric 
40 members having different dielectric constants. 

1 1 . The apparatus accorcfing to daim 8. characterized in that the width of said air gap is an integral multiple of the half- 
wave length of an electromagnetic wave introduced from said waveguide. 

45 12. The apparatus according to daim 8, characterized in that only a distal end portion of said air g^ is narrowed, and 
the opening has the shape of a slit over the length of said laser tut>e. 

13. The apparatus according to daim 8. characterized in that said air gap has wide portions wider than tiie other por- 
tion in the vidnrties of distal end portions. 

50 

14. The apparatus according to daim 13, characterized in thaX the wkfth of said wide portion is sut>stantially equal to 
one of the wavelength arxl the half-wave length of an electromagnetic wave introduced from said waveguide. 

1 5. The apparatus accorcfing to daim 1 3, characterized in that the width of said wide portion changes along a tongitu- 
55 dinal direction of said air gap on the basis of an intensity distrflxition of electromagnetic waves emitted from said 

slots. 

1 6. The apparatus accorcfing to daim 4, characterized in that dielectric lenses each having a (curved shape correspond- 
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ing to said slot are formed in said passage in at least a portion above said plurality of slots. 
17. The apparatus according to daim 4, characterized in that said waveguide is filled with a dielectric mennt>er. 

5 18. The apparatus according to daim 4. characterized in that said laser gas is one of at least one inert gas selected 
from the group consisting of Kr, Ar, and Ne, and a gas mixture of said inert gas and F2 gas. 

19. The apparatus according to daim 1 . characterized in that said unifbrmizing means is formed such that the width of 
longitudnal end portions of said slot is made larger than the width of a central portion thereof. 

10 

20. The apparatus accorcfing to daim 1 9. characterized in that said end portions have drcular shapes with a diameter 
larger than the width of said central portion. 

21 . The apparatus according to daim 1 9, characterized in that said laser gas is one of at least one inert gas selected 
15 from the group consisting of Kr. Ar. and Ne, and a gas mixture of said inert gas and F2 gas. 

22. The apparatus according to daim 1 , characterized in that said uniformizing means is formed such that said slots 
are formed apart from a central axis along a longitucfinal direction of said waveguide and each of said slots is 
curved such that end portions are doser to tiie central axis than a central portion. 

20 

23. The apparatus according to daim 22, characterized in tiiat said electronrngnetic wave is radiated from said 
waveguide in the direction of a long end face of said-waveguide. 

24. The apparatus according to daim 22, characterized in that said laser gas is one of at least one inert gas selected 
25 from the group consisting of Kr. Ar, and Ne, and a gas mixture of said inert gas and gas. 

25. The apparatus according to daim 1 , characterized in that said uniformizing means is formed such that an air-gap 
structore is formed in said waveguide wall in which said slots are formed. 

30 26. The apparatus according to daim 25, characterized in that said air-gap structure indudes an air-gap portion formed 
near end portions of said slot within a range from said end portions to a distance of Xg/4 (Ag is the waveguide wave- 
length of said electromagnetic wave). 

27. The apparatus according to daim 25, characterized in tiiat said air-gap structure indudes an air-gap portion formed 
35 near end portions of said slot within a range from said end portions to a distance of Ag/2 (Ag is tiie waveguide wave- 
length of said electromagnetic wave). 

28. The apparatus according to daim 25, characterized in that an air-gap portion of said air-gap structure in a central 
portion of said slot is made smaller than an air-gap portion near end portions of said slot. 

40 

29. The apparatus according to daim 25, characterized in that in a direction perpendicular to a longitudinal direction of 
said slot, said air-gap structure is formed with a width equal to an integral multiple of Ag/2 (A. g is the waveguide 
wavelength of said electromagnetic wave). 

45 30. The apparatus according to daim 25, characterized in that said laser gas is one of at least one inert gas selected 
from the group consisting of Kr. Ar, arvl Ne, arxj a gas nruxture of said inert gas and F2 gas. 

31 . The apparatus according to daim 1 . characterized in that said unHormizing means is formed such that each of said 
plurality of slots comprises collecting means for eff identiy guiding said electromagnetic wave to said slot 

so 

32. The apparatus accorcfing to daim 31 , characterized in that said collecting means corrprises a slot having a tapered 
shape whose sectional shape narrows tcward said laser tut>e. 

33. The apparatus according to daim 31, characterized in that said collecting means comprises a dielectric lens 
55 formed with respect to said slot. 

34. The apparatus according to daim 31 , characterized in ttiat said laser gas is one of at least one inert gas selected 
from the group consi^ng of Kr. Ar, and Ne. and a gas mixture of said inert gas and F2 gas. 
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35. The apparatus acxx)rcfing to daim 1 , characterized in that said unifbrmizing means is formed such that the width of 
ertd portions in a longitudinal direction of said slot is made smaller than the width of a central portion thereof. 

36. The apparatus accorcfing to daim 35, characterized in that said laser gas is one of at least one inert gas selected 
from the group consi^ng of Kr, Ar, and Ne, and a gas mixture of said inert gas and F2 gas. 

37. The apparatus according to daim 1. characterized in that said uniformizing means is formed such that said slot ^ 
formed in a portion where an emission characteristic of an electromagnetic wave depending on said slot is contrary 
to an Intensity distribution of an electron^gnetic wave propagating in said waveguide. 

38. The apparatus according to daim 37. cheiracterized in that said slot is formed such that a minimum value of an 
intensity (fistribution of an electromagnetic wave propagating in said waveguide is in substantially the center of said 
slot 

39. The apparatus according to daim 38. characterized in that said slots are formed in a line at a pitch equal to one of 
the guide wavelength arxi the hatf-wave length of an electromagnetic wave in said waveguide. 

40. The apparatus according to daim 37. characterized in that an electromagnetic wave introduced from saki 
waveguide is a microwave. 

41. The apparatus according to daim 37. characterized in that said laser gas is one of at least one inert gas selected 
from the group consisting of Kr, Ar, arxl Na arxl a gas mixture of said inert gas and F2 gas. 

42. The apparatus according to daim 1 , characterized in that said unifbrmizing means connprises a shielding structure 
against said electromagnetic wave in said laser tube in order to prevent said plasma excited above said slots from 
diffusing from a predetermined region. 

43. The apparatus according to daim 42, characterized in that said shielding structure is formed to preverrt diffusion of 
said electromagnetic wave in a direction perpendicular to a longitudinal direction of said slots. 

44. The apparatus according to claim 42, characterized in that said shiekJirYg structure comprises a metal wall spaced 
apart from said slots by a predeternnined distance. 

45. The apparatus accorcfing to daim 42, characterized in that said shielcfing structure is nnade from a mesh-like plate 
memk}er. 

46. The apparatus accordir^ to daim 42, characterized in that said shielding structure connprises a plurality of nozzle 
structures having predetermined openings. 

47. The apparatus accorcfing to daim 46* characterized in that said nozzle is a passage of said laser gas. 

48. The apparatus according to daim 41 , characterized in that said shielding structure is formed by a nnagnetic field. 

49. The apparatus accorcfing to daim 42. characterized in that said laser gas is one of at least one inert gas selected 
from the group consisting of Kr. Ar. arKi Ne, and a gas mixture of said inert gas and F2 gas. 

50. The apparatus according to daim 1 . characterized in that said uniformizing means is formed such that the width in 
a short-side direction of said slot is made smaller than the thickness of a sheath serving as a passage of said elec- 
tromagnetic wave extending from an opening of said slot in said short-side direction. 

51. The apparatus accorcfing to daim 50. characterized in that the width in said short-side direction is 10 to 100 \im. 

52. The apparatus accorcfing to daim 50. characterized in that said laser gas is one of at least one inert gas selected 
from the group consisting of Kr, Ar. arxJ Ne. and a gas nrtixture of said inert gas and F2 gas. 

53. The apparatus according to daim 1 , characterized in that said uniformizing means is formed such that each of said 
slots comprises a plurality of rows of slits, and the width of each slit is made smaller than the thickness of a sheath 
serving as a passage of said electromagnetic wave. 
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54. The a|^F>aratus according to claim 53. characterized in that the width of slits in end rows is smaller than the width of 
slits in rows near the center. 

55. The apparatus according to claim 54. characterized in that a shielding structure for suppressing diffusion of said 
plasnta is formed laterally at an opening edge of said slot facing said laser tut>& 

56. The apparatus accading to daim 53, characterized in that the length of slits in end rows is smaller than the length 
of slrts in rows near the center. 

57. The apparatus according to daim 53, characterized in tfiat said laser gas is one of at least one inert gas selected 
from the group consisting of Kr, Ar, arxj Ne. and a gas mixture of said inert gas and F2 gas. 

56. The apparatus according to daim 1 , characterized in that said unrfbmnizing means is formed such that a pair of 
waveguides are formed to sandwich said laser tube such that formation surteces of said slots oppose each other, 
identical electromagnetic waves are supplied to said pair of waveguides to exdte a laser gas in two opposite direc- 
tions in said laser tut>e, and said pair of waveguides are constructed such that intensity distrikxitions of electromag- 
netic waves introduced therefrom are shifted from each other. 

59. The apparatus according to daim 58. characterized in that the fbnnation surfaces of said slots are short end faces 
of said waveguides, and said slots are formed in a line at equal intervals in a longitudinal direction of said slots. 

60. The apparatus according to daim 59, characterised Jn that.said waveguides a'^e anB.nged such that slots corre- 
sponding to each other between the opposing formation surfaces are shifted relative to each other by a predeter- 
mined distance. 

61 . The apparatus according to claim 60. characterized in that said slots are formed at a pitch equal to half of a wave- 
lengtii in said waveguides, and said predetermined distance is 1/4 of said wavelength. 

62. The apparatus according to daim 60. characterized in ttiat said slots are formed at a pitch equal to one wavelength 
in said waveguides, and said predetermined distance is half of said wavelength. 

63. The apparatus according to claim 60, characterized by furtiier comprising phase adjusting means for shifting 
phases of eledromagnetic waves supplied into said waveguides relative to each other. 

64. The apparatus according to daim 59. characterized in that each of said waveguides comprises tuning means for 
tuning an electromagnetic wave. 

65. The apparatus according to daim 58. characterized in that an electromagnetic wave introduced from said 
waveguide is a microwave. 

66. The apparatus according to daim 58, characterized in that said laser gas is one of at least one inert gas selected 
from the group consisting of Kr, Ar. arxi Ne, and a gas mixture of said inert gas and F2 gas. 

67. An exposure apparatus characterized by comprising: 

the laser osdllating apparatus according to any one of claims 1 . 2. 3. 4 . 19. 22. 25„ 31 , 35. 37. 42. 50. 53 and 
58 as a light source for emitting illuminating light; 

a first optical system for irradiating a retide on which a predetermined pattern is formed with the illuminating 
light from said laser osdllating apparatus; and 

a secoTKl optical system for irradiating a surface to be irradiated with the illuminating light passing through said 
retide, 

wherein said surface to be irradiated ^ exposed by projecting the predeternrtined pattern of said retide. 

68. A device fabrication method characterized by cormprising the steps of: 

coating a surface to be irradiated with a photosertsitive material; 

exposing said surface to be irradiated coated with said photosensitive nr^erial to a predetermined pattem by 
using the exposure apparatus according to daim 67; and 
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developing said photosensitive nnaterial exposed to the predetemiined pattern; and 
fabricating a device from the exposed surface. 

69. The method according to claim 68, characterized in that said surface to be irradiated is a wafer surfac . and a sem- 
iconductor device is formed on said wafer surface. 
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FIG. 13A 
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